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H i  s t o r y  

O u r  p resent  understanding of centers  i n  the  b r a i n  where p o s i t i v e  r e i n -  
forcement of behavior is  produced by d i r e c t  e l e c t r i c  s t imu la t ion  has i ts  
r o o t s  i n  t h e  1920's and 1930's ,  with two nea r ly  simultaneous methodological 
advances. 
e l e c t r o s e s  i n  the  Srai. t o  study amke, Sehming a ? h a l s  by e1ec t r ica l l . j  
s t imu la t ing  small b r a i n  f o c i .  
i n  tnis country, introduced t h e  "Skinner box" method f o r  response-reward 
condi t ioning.  

I n  Switzerland, W.R. Hess (1954) began chronic implantat ion of 

A t  about t he  same time, B.F. Skinner (1938), 

Tine next major s t e p s  waited u n t i i  t'ne e a r i y  i950Is when J.M.R. D e i -  
gad0 (1955), D.O. Hebb (1955), N.E. Mi l l e r  (1957a), and o thers  began pro-  
grams aimed at  br inging  toge ther  the chronic implantat ion methodology and 
psychological  experimentation. 

The app l i ca t ion  of these  methods t o  t h e  problem of p o s i t i v e  r e in fo rce -  
ment began with an acc iden ta l  observation made i n  Hebb's l abora to ry  l a t e  i n  
1953. A ch ron ica l ly  implanted rat with an e l ec t rode  i n  an o l f ac to ry  part of 
t h e  b r a i n  was f r e e  t o  mme around r e l a t i v e l y  unimpeded i n  a f i e l d  approxi- 
mately f i v e  f e e t  by f i v e  f e e t .  The f i e l d  was bounded by 8-inch wooden s i d e s  
and a p a i r  of l i g h t  wires suspended from t h e  c e i l i n g  
l e a s h  and a connection t o  the  e l e c t r i c  s t imu la to r .  The experimenter appl ied  
a s i n e  wave s t imulus of 60 cycles  per second and about 100 microamperes roo t  
mean square by p res s ing  a but ton.  

formed a loose  

More or  l e s s  expect ing t o  see some negat ive reinforcement produced by 
e l e c t r i c  b r a i n  s t imu la t ion ,  as had been observed e a r l i e r  that year by Delgado, 
Roberts,  and Mi l l e r  (1954), he appl ied the  stimulus each time the  animal 
approached one of t h e  corners .  

The s u r p r i s i n g  observat ion was t h a t  t h e  rat re turned  t o  that corner 
over and over again--much more of ten than  one should have expected e i t h e r  on 
a negat ive reinforcement or  even on a chance b a s i s .  
c u r i o s i t y  on t h e  p a r t  of t h e  rat with r e spec t  t o  the  e l e c t r i c  s t imulus seemed 
a poss ib l e  explanat ion.  But a few m h e r  t e s t s  quickly l e d  t o  the  convic- 
t i o n  that here was a genuine pos i t i ve  reinforcement,  a b r a i n  stimulus with - 
all t h e  c h a r a c t e r i s t i c s  of a primary reward! 

A t  f irst  i n t e r e s t  o r  

-- _.- 

There i s  no need t o  descr ibe the e a r l y  t e s t s .  Su f f i ce  it t o  say  they  
involved, first,  a t t r a c t i n g  t h e  rat i n  any chosen d i r e c t i o n  by s t imula t ing  
t h e  animal whenever it took a s t e p  i n  t h e  r i g h t  d i r e c t i o n ,  and, l a t e r ,  pro-  
voking normal "T" maze l e a r n i n g  and then  r e v e r s a l  l ea rn ing  by shocking t h e  
b r a i n  whenever t h e  animal reached the goal .  

> 

While a l l  of t hese  e a r l y  t e s t s  provoked e n t h u s i a s t i c  response from ex- 
perimenter and rats, it was undoubtedly Skinner ' s  method t h a t  put  t he  exper i -  
ments on a q u a n t i t a t i v e  b a s i s .  A c i r c u i t  was arranged so t h a t  each response of 





. 
* t h e  animal produced a b r i e f  t ra in  of e l e c t r i c  s t imu la t ion  i n  the par t  gf t h e  

b r a i n  t h a t  w a s  t o  be s tudied.  With this  method, t h e  rate a t  which t h e  animal 
s t imu la t ed  i t s  b r a i n  turned out t o  be a r e l a t i v e l y  s a t i s f a c t o r y  measure of 
t h e  r e i n f o r c i n g  p r o p e r t i e s  o f  t he  st imulus.  
as"seir?-stimulation," and sometimes t h e  b r a i n  ceriiers irivoived will be ca i ied  
" s e l f  - s t imula t ion  cen te r s " .  

We w i l l  speak of t h i s  behavior 

A s e r i e s  of ques t ions  about t h i s  p o s i t i v e  reirrforcement phenomenon have 
bee9 respons ib le  f o r  t he  s e r i e s  of f u r t h e r  i nves t iga t ions  i n  our l abora to ry  
and i n  o the r s .  

Poss ib ly  t h e  ques t ion  with t h e  most r ami f i ca t ions  is  t h e  anatomical one: 
Where i n  t h e  b r a i n  does t h i s  happen? Where do the  e l ec t rodes  have t o  be 
p laced  t o  produce p o s i t i v e  reinforcement? 

Bra in  S t ruc tu re  

The c e n t r a l  nervous system of the mammal  has  t h e  s p i n a l  cord a t  t h e  back 

If we start numbering the  main p a r t s  from t h e  p o i n t  just 
and t h e  o l f a c t o r y  bulbs at t h e  f r o n t ,  with t h e  l a r g e r  p a r t  of t h e  b r a i n  
f a l l i n g  i n  between. 
i n  f r o n t  of s p i n a l  cord (see Fig.  1) we f i n d  (1) a widening of t h e  pathways 
of t h e  cord t o  form t h e  medulla oblongata or  hindbrain whose i n t e g r i t y  is  
e s s e n t i a l  t o  b a s i c  phys io logica l  processes.  (2)  Perched above t h e  boundary- 
l i n e  between t h i s  h indbra in  and t h e  next major subdiv is ion  i s  t h e  cerebellum 
with i t s  s t i l l  l i t t l e  known sensory-motor func t ions .  Beyond the  hindbrain,  
t h e  next major subdiv is ion  i s  t h e  midbrain. 
i s  most famous f o r  t h e  " r e t i c u l a r  a c t i v a t i n g  system" which has r e c e n t l y  come 
i n t o  vogue as t h e  "waking" cen te r  of t h e  b r a i n .  
midbrain, t h e  tectum, i s  devoted mzinly t o  v i s i o n  and aud i t ion .  

(3) I ts  lower p a r t ,  t h e  tegnentum, 

(4) The upper p a r t  of t h e  

Figure 1. Three views of t h e  rat b r a i n .  I .  A s  
seen fron! above w i t h  t o p  of head and t o p  of b r a i n  
cu t  away. 11. A s  seen from i n  f r o n t  with mtxh of 
t h e  f r o n t  end cut away. 111. A s  seen f r D m  t h e  
s i d e  with one side mostly cu t  away. The two arrow- 
t i pped  dot ted  l i n e s  on each p i c t u r e  stow how t h e  
b r a i n  would be cut  t o  g e t  t h e  o ther  t w o  p i c t u r e s .  
Dotted l i n e s  on p i c tu re  1 a r e  a l s o  used t o  mark t h e  
e x t e n t  of  t he  hindbrain and midbrain. Because of 
l e f t  - r i g h t  symmetry, every th ing  which appears on 
one s ide  of p i c t u r e s  I and 11 occurs a l s o  on t h e  
o the r  s i d e  even though it i s  unmarked For 
f u r t h e r  d i scuss ion ,  see t e x t .  
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I n  f r o n t  of t h e  midbrain i s  the f o r e b r a i n  whose p a r t s  a r e  enumerated %e- 

4 low. N 2 t  t o o  long ago, as phylogenetic h i s t o r y  goes, t h e  whole fo reb ra in  * 
was nothing but  t he  o l f ac to ry  bulbs ,  which were connected loose ly  t o  the  
midbrain by two long tubes  which make up t h e  hypothalamus. 
t h e r e  developed t h e  o l f ac to ry  lobes (rhinencephalon) which a r e  now known as 
t'ne palecorzex,  and then  t'ne thalamus and the  neocortex.  The forebrain 
inc ludes ,  t he re fo re ,  ( 5 )  t'ne hypothalamus and (6) t he  thalamus; t he  two 
toge the r  make up t h e  diencephalon or " i n  between" b r a i n .  
spreading back over t hese ,  t he  forebra in  a l s o  includes (7) the  paleocortex 
and (8) t h e  neocortex; these  t w o  together  with c e r t a i n  boundary regions and 
with t h e  o l f ac to ry  bulb i t s e l f  make up t h e  elencephalon. 

Above these  tubes  

I n  f r o n t  of and 

O n  t he  boundary between telencephalon and 2iencephalon are s t r u c t u r e s  
which form br idges  between diencephalon and t h e  var ious  p a r t s  of t h e  cor tex .  

a t  12 o 'c lock ,  we f i n d  (a) septal a rea  a t  12 o 'c lock ( see  Panel No. 1 of 
F ig .  l), ( b )  caudate a t  1 o'clock,  ( c )  putamen and globus p a l l i d u s  at  2 
o 'c lock ,  and ( d )  amygdala a t  3 and 4 o 'c lock .  The p a r t s  of t he  pal.eocortex 
a r e  t h e  subca l lo s sa l  cor tex ,  the pyriform cor tex ,  t h e  c ingula te  cor tex,  and 
the  hippocampal cor tex  which has a pecu l i a r  pos i t i on ,  s t u f f e d  i n  between 
the  thalamus and t h e  cor tex  i n  spaces not f i l l e d  by the  br idges .  

TTm<n,- . .  uilLllEj +ha c*rsur.C.'w o r n o l a - r  of a c l x k ,  u i t h  the area J u s t  i n  f r ~ n t  of t h e  t h n l m - ~ s  

The backward p ro jec t ing  tubes  from t h e  o l f ac to ry  bulb make up t h e  lateral 
p a r t  of  t he  hypothalamus surrounding t h e  hypothalamic n u c l e i  which have 
set t led i n  the  middle of t h i s  olfacto-tegmental  stream. The stream itself  
i s  spoken of as t h e  medial forebra in  bundle (MEB);  it arches across  the  mid- 
l i n e  just above t h e  most p o s t e r i o r  of  t h e  hypotlzalanic nuc le i  ( i = e . ,  j u s t  
above t h e  mammillary body). 

F i e l d  and Focus - - ~  

P o s i t i v e  reinforcement produced by e l e c t r i c  s t imu la t ion  of t he  b r a i n  
w a s  o r i g i n a l l y  discovered i n  rats with e l ec t rodes  i n  a boundary system 
between t h e  o l f ac to ry  bulbs  and t h e  o lder  o l f ac to ry  p a r t s  of the  cortex 
(Olds and Milner,1954) 
o l f a c t o r y  cor tex  or  rhinencephalon. Pos i t i ve  reinforcement could be produced 
by s t imu la t ing  some p a r t s  of  almost a l l  rhinencephal ic  s t r u c t u r e s .  I n  rats 
it became c l e a r  t h a t  more than  ha l f  of t he  e l ec t rodes  placed a t  random i n  
t h e  olfac%ory co r t ex  would y i e l d  pos i t i ve  reinforcement when s t imulated 
e l e c t r i c a l l y .  L a t e r  s t u d i e s  showed t h a t  t h e  "focus" of t he  phenomenon, i f  
m a x i m u m  responding f o r  a minimum of s tumulat ion could be taken t o  ind ica t e  
a focus ,  was not  i n  t h e  o l f a c t o r y  cortex bu t  i n  o ther  o l f ac to ry  p ro jec t ions  
d i r e c t e d  toward t h e  s p i n a l  cord through t h e  hypo-chalamus and midbrain (Olds, 
1956a; Olds and Olds, 1962; Olds  e t  a l . ,  1960). I n  f a c t ,  t he re  i s  a p a i r  of 
long tubes extending from the  o l fac tory  bulbs  and o l f ac to ry  cortex which pass  
along t h e  two outer  edges of the hypothalamus and i n t o  similar a reas ,  i . e . ,  
t he  lower and lateral  a reas ,  of t h e  midbrain.  While m x h  of the  area between 
and surrounding these  tukes seems t o  y i e l d  p o s i t i v e  reinforcement when e l e c t r i c  
s t imu la t ion  of t h e  b r a i n  i s  appl ied ,  t h e  tubes  themselves seem t o  comprise the  
focus of t h e  phenomenon, i f  maximum e f f e c t  from minimum. s t imula t ion  i s  used 
as t h e  c r i t e r i o n .  We w i l l  speak of t h i s  "focus1' as (a,) t h e  o l f ac to ry -  
midbrain pathway, o r  (b)  the  medial fo reb ra in  bundle (MFB), c r  ( c )  t he  
l a t e r a l  hypothalamic area-- these three l a b e l s  being roughiy equivalent  a 

It w a s  f i r s t  thought t o  be mainly r e l a t e d  t o  t h e  

We w i l l  speak of the  rhinencephalic s t r u c t u r e s  and of other  areas which 
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* y i e l d  milder e f f e c t s  as a surrounding " f i e ld" ,  which i s  considered t o  be more 
o r l e s s  l oose ly  lid-ied t o  t h e  "focust1 of reinforcement.  Some interchangeable 
l a b e l s  used t o  designate t h i s  milder reinforcement " f i e l d "  are ( a )  t he  
o l f a c t o r y - c o r t i c a l  a reas  or pathways, ( b )  t h e  rhinencephalon, ( e )  t h e  paleo- 
c o r t i c a l  system, and ( d )  t h e  l imbic system. The olfactory-midbrain pathways, 
which make up t h e  focus,  envelop, on t h e i r  rou te  from c o r t i c a l  t o  midbrain 
cenxers,  an important system of nuclei  i n  t he  lower middle p a r t  of t he  b ra in .  
A t  t h i s  po in t  i n  t h e i r  course,  t h e  olfactory-midbrain pathways, toge ther  with 
t h e  surrounded nucle i ,  are known as t h e  hypothalamus because t h i s  area l i e s  
below t h e  thalamus, which makes up the upper middle part of t he  b ra in .  All 
p a r t s  of tine ?iypotlialazs f i e l d  posit ive re lnforzexent ,  h t  only the  leteral  
part, i . e . ,  t h e  pathways, makes up the focus.  Thus t h e  midline nuc le i  of t h e  
hypothalamus can be considered t o  be part of t h e  " f i e l d " .  

L 

A number of d i f fe rences  between t h e  p o s i t i v e  reinforcement produced by 
hypothalamic ' I f  ocusii s t i m u l a t i o n  and that produced by rhinencephalic "f i e i d "  
s t imu la t ion  have been observed. F i r s t ,  i n  experiments where each response 
was followed by one "stimulus-reward", response r a t e s  w e r e  far higher with 
hypothalamic s t imula t ion .  
t o  stimulate the  l a t e r a l  hypothalamus, but  only about 500 times an hour, 
under t h e  same condi t ions,  t o  stimulate t h e  o l f ac to ry  cortex a reas  (Olds, 
1958f). 
i n s a t i a b l e ,  whereas a d e f i n i t e  s a t i a t i o n  poin t  was usua l ly  reached i n  exper i -  
ments with f i e l d  s t imula t ion .  Animals st imulated themselves hour a f t e r  hour 
i n  t h e  l a t e r a l  tube,  maintaining a rate of s eve ra l  thousand responses pe r  
hour and stopping only when a s t a t e  of phys ica l  exhaustion appeared (Olds, 
1 9 5 8 ~ ) .  
accompanied by a heightened general  a c t i v i t y  l e v e l  (Roberts, 195%), whereas 
t h e  reward produced by o l f ac to ry  cortex s t imu la t ion  o f t en  seemed t o  be 
accompanied by more o r  less inh ib i t i on  of general  a c t i v i t y  (Olds, 1956b). 
F m r t h ,  although the re  were some apparent pain-  o r  anxie ty- re l iev ing  e f f e c t s  
of t he  rewarding stimulus near the o l fac tory  cortex (Brady and Conrad, 1960b), 
t he re  were p laces  i n  the  hypothalamus where t h e  reward stimulus did not have 
these  e f f e c t s  (Olds and Olds, 1962). 

Animals would p res s  a l e v e r  lO,OOO times an hour 

Second, appe t i t e  f o r  s t imulat ion a t  the  focus of ten  seemed r e l a t i v e l y  

Third,  t he  reward producedby focus s t imula t ion  seemed t o  be 

I n  other  m a m m a l s  the  p i c tu re  was similar. 
Nielson e t  a l .  (1958), Sidman e t  a l .  (1955), Brown and Cohen (1959), Roberts 
(195%) , Wilkenson (1963), and Justenesen e t  a l .  (1963) have s tudied  c a t s .  
Electodes i n  t h e  olfactory-midbrain focus yielded pos i t i ve  reinforcement 
with g rea t  r e g u l a r i t y .  
Brodie and h i s  group (Brodie e t  a l . ,  1960a, 1960b), and Por te r  e t  a l .  (1959) 
have s tudied  monkeys. Here a l s o ,  e lec t rodes  i n  t h e  olfactory-midbrain 
system yie lded  pos i t i ve  reinforcement of g rea t  i n t e n s i t y .  Ol fac tory-cor t ica l  
s t r u c t u r e s  a l s o  yielded pos i t i ve  reinforcement i n  varying degrees on e l e c -  
t r i c a l  s t imula t ion .  

Brady (1956; 1957; 1961), 

Bursten and Delgado (1958) , Brady (lsl), L i l l y (  1957) ,* 

L i l l y  (1962) reported a s tudy o f  t he  bot t le -nose  dolphin. Some e lec t rodes  
i n  t h e  very l a r g e  b ra in  of t h i s  m a m a 1  yielded p o s i t i v e  reinforcement; however, 
t h e  p rec i se  loca t ion  of t h e  e lec t rodes  w a s  impossible t o  determine f r D m  the  
r epor t  a 

Higgins e t  a l .  (1956)~ Delgado and Hamlin ( i960)  , Heath (1960) , Sem- 
Jacobsen and Twki ldsen  (1960), and Bishop e t  a l .  (1963) have reported on 
humans who had chronic e l ec t rodes  implanted i n  t h e  b r a i n  f o r  t he rapeu t i c  

*Much t h e  same da ta  are found i n :  L i l l y  (1958a, 1958b, 1959a, 1959b, 1 9 5 9 ~ ~  
1960a, 1960b. ) 
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Reinforcement field 

1. Continuity of field and focus 

2 Size of focus + field = 113 of brain / I  
Reinforcement focus 

Drive field 

3. Overlap with drive system 

Olfactory field 

4 Overlap with olfactory-chemorecepor 
system 

Autonomic field 

5. Overlap with autonomic system 
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- purposes.  Subject ive r epor t s  have not  been ex tens ive .  Electrodes bel ieved 
t o  be i n  t h e  olfactory-midbrain pathways have produced "extreme euphoria", 
v h i l e  e l ec t rodes  i n  the  o l f a c t o r y - c w t i c a l  f i e l d  have inh ib i t ed  pain,  and 
produced f e e l i n g s  of "well  being" . 
c o r t i c a l  e l ec to rdes  i n  f r o n t a l  areas  have expressed des i r e s  t o  "marry t h e  
inves t iga to r "  (Delgado and Karnlin, 1960). 

Several  p a t i e n t s  with o l fac tory-  

The func t iona l  implicat ions of the anatomical f ind ings  were more 
important than  t h e  nomenclature, and I will emphasize them here (see 
Fig .  2) and i n  t h e  next t h ree  sec t ions .  

Figure 2. P i c tu re s  t o  emphasize t h e  over- 
lap of b r a i n  a reas  involved i n  reinforecement, 
d r ive ,  o l f ac t ion ,  and autonomic funct ion.  

I n  t h e  first p lace ,  t he  system o f  regions where e l e c t r i c  s t imula t ion  
caused p o s i t i v e  reinforcement was continuous (Olds  e t  a l . ,  1960). The 
o l f ac to ry  pathways d i r ec t ed  from the bulb toward t h e  midbrain were continuous 
with t h e  o l f ac to ry  pathways d i rec ted  f rom the  bulb toward the  o l f ac to ry  
cortex.  It appeared, t he re fo re ,  t ha t  one topographical ly  continuous system 
of bra i r .  s t r u c t u r e s  made up t h e  focus and t h e  f i e l d  of these  regions.  This  
seemed t o  suggest a cmmon mechanism. I n  t h e  second place,  it was an exten- 
s ive  region making up almost one t h i r d  of t h e  b r a i n  i n  t h e  rat, and while it 
was a smaller po r t ion  of t he  b r a i n  in t h e  higher  m a m m a l s ,  s t i l l ,  a s u b s t a n t i a l  
po r t ion  of t he  b r a i n  was  involved even i n  t h e  macaque and t h e  human. I n  t h e  
t h i r d  p lace ,  t h ree  other  func t ions  were r egu la r ly  ascr ibed t o  t h i s  whole 
s e r i e s  of s t u r c t u r e s :  ( i) o l fac to ry  recept ion,  (ii) cont ro l  of bas ic  d r ives ,  
and (iii) re,gulation of autonomic funct ion.  I s h a l l  devote a sec t ion  t o  
each o f  t hese .  

Olfactory Rela t ions  

The o l f ac to ry  o r  chemoreceiptive func t ion  of these  b ra in  regions w a s  
ind ica ted  by the  appplied names, rhinencephalon and o l f ac to ry  b r a i n  (Papez, 
1937; Pribram and Kruger, 1954). The names were appl ied because t h e  s t r u c -  
t u r e s  involved a l l  have f i b e r  connections with t h e  o l f ac to ry  bulb o r  with 
r e l a t e d  s t r u c t u r e s ;  and a l s o  they seem t o  be derived phylogenet ical ly  from 
o l f ac to ry  s t r u c t u r e s .  For a while,  it was i n  fash ion  t o  say t h a  these  
s t r u c t u r e s  made up an emotional bra in  once thought t o  be mainly o l f ac to ry .  
I argue t h a t  these  s t r u c t u r e s  make up a n  o l f ac to ry  and chemoreceptor b r a i n  
even now, but  t h a t  chemoreception i s  d i r ec t ed  not only toward smelling the  
environment, but  a l s o  toward the  sugars and hormones i n  t h e  blood, which 
have s o  much t o  do with c o n t r o l l i n g  high dr ive  behaviors .  It appears t o  me 
wise, therefore ,  t o  emphasize the  phylogenetic and func t iona l  connection of 
these  s t r u c t u r e s  t o  t h e  o l f ac to ry  bulb, and t h e  widespread discovery of 
chemoreceptive funct ions wi th in  these s t r u c t u r e s  themselves (Anand e t  a l . ,  
1961; 1962; Harris e t  a l . ,  1958). 
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One might even go s o  far as t o  suggest a r igorous  phylogenetic l i n k  
between o l f ac to ry  mechanisms and p o s i t i v e l y  r e in fo rced  b e h a v i x .  It is not  
impossible t h a t  avers ive  r e a c t i o n s  were the only ones de r iv ing  from the  
i r r i t a b i l i t y  inherent  i n  protoplasm, and t h a t  a p p e t i t i v e  r eac t ions  w e r e  a 
la ter  phylogenet ic  development awaiting t h e  evolu t ion  of an o l f a c t o r y  
appara tus .  A spec ia l i zed  chemosensitive receptor  occurs i n  coe len te ra t e s  
and platyhelminthes;  i n  both it serves  t o  guide behavior i n  p u r s u i t  of food. 
I n  i n s e c t s  t he  chemoreceptor has come t o  subserve another  appetite as w e l l ,  
i nd ica t ed  b e s t ,  perhaps,  by the gypsy moth, which w i l l  home over two m i l e s  
or; the odor of a gypsy ferosle ( J a h  and W u l f f ,  1950) .  

The fo reb ra in ,  as soon as it appeared i n  t h e  phylogenetic series w a s  a l s o  
l i n k e d  t o  o l f a c t i o n .  It appeared f i r s t  i n  ear ly  v e r t e b r a t e s  where, i n  t h e  
shark  f o r  example, t h e  b r a i n  seemed b u t  a loose conjunct ion of t h e  midbrain 
and a long,  forward protuberance,  t h e  u X a c i o r y  'OuYu a d  oifactoi-y lobe. 
Here, aga in ,  t h e r e  was an appe t i t i ve  func t ion  l inked  t o  t h i s  o l f ac to ry  ap- 
paratus, and i t s  form suggested t h a t  t h e r e  i s  much i n  common between o w  
not ions  of a p p e t i t i v e  r e a c t i o n  and ''operant" behavior;  amputation ?f t he  
f o r e b r a i n  caused f i s h  t o  l o s e  " i n i t i a t i v e , "  t h a t  is ,  " the  a b i l i t y  t o  r e a c t  
t o  s t imuli  i n  a s p e c i f i c ,  nonreflexmanner" (Prosser,  1952).  

The experiments of t h e  p re sen t  review might be taken t o  ind ica t e  t h a t  
t h e  a p p e t i t i v e  behavior ,  which was from t h e  start sedded t o  t h e  chemoreceptor 
system, i s  s t i l l  s o  bound, although the d i r e c t i o n  of ehcmosensi t ivi ty  has  
s h i f t e d  away from i ts  x i g i n a l  ex te rna l  o r i e n t a t i o n  and toward t h e  blood and 
cerebrospina l  f l u i d  of t h e  mi l i eu  in t e rne .  I n  t h e  course of t h i s  change, 
w h a t  s tarted as a p p e t i t i v e  behavior has  evolved i n t o  a whole system of operant 
or voluntary  mechanisms, and t h e  forebra in ,  which s t a r t e d  as a s m a l l  o l f ac to ry  
appendage, has developed t o  a po in t  where it comprises almost the whole b r a i n .  

Drive R e  l a t  ions 

The ny-pvthalamus end rhinencephalon have long been known t o  h m s e  a 
series of d r ive  cen te r s ,  i . e . ,  a series of cen te r s  r e l a t e d  t o  ea t ing ,  dr ink-  
ing,  temperature r egu la t ion ,  sexual behavior ,  and s o  f o r t h .  Because of t h e  
ub iqu i ty  of dr ive  con t ro l  func t ions  wi th in  th i s  system. 
l a b e l l e d  it the " v i s c e r a l  b ra in ."  Without even a t tempt ing  t o  be complete, 
I can mention t h e  work of Kluver and Bucy (1939), Anand and Brobeck (1951a) 
1951b, 1952), and S t e l l a r  and Teitelbaum ( S t e l l a r ,  1954; Teitelbaum, 1955; 
Teitelbaum and S t e l l a r ,  1954) i n  which olfactory-midbrain and o l f ac to ry -  
c o r t i c a l  systems were shown t o  have d r ive  relevance because l e s i o n s  wi th in  
these  systems r e g u l a r l y  cause d isorganiza t ion  of d r ive  behaviors .  Many 
cases  of feeding  "hyperphagia" and "aphagia: and abe r ra t ions  i n  sexual and 
avers ive  behavior w e r e  observed t o  ensue as a consequence of experimental  
l e s i o n s  placed i n  these  areas. 
thalamic "focus : and t h e  rhinencephal ic  " f ie ld"  was suggested by these  l e s i o n  
s t u d i e s .  

MacLean (1949) 

An i n t e r e s t i n g  d i f f e rence  between the hypo- 

Lesions a t  t h e  focus appeared t o  upset  c o n t r o l  of behavior by t h e  i n -  
t e r n a l  d i rve  state;  thus  animals with hypothalamic l e s i o n s  e i t h e r  f a i l e d  t o  
eat when they  were deprived, o r  f a i l e d  t o  s t o p  e a t i n g  when they  w e r e  s a t e d .  
I n  e i t h e r  case,  there was excessive c o n t r o l  of e a t i n g  behavior by stimulus 
f a c t o r s ,  t h a t  i s ,  whether e a t i n g  was excessive o r  reduced, animals with 
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hypothalamic l e s i o n s  had more than  the ord inary  tendency t o  approach appe- 
t i z i n g  f m d s  nr t:, a.v?ld unappetizing f x d s  (Teitelbaum, 1955; Teitelbaum 
and S t e l l a r ,  1954) Lesims i n  t h e  rhinencephal ic  f i e l d ,  on t h e  o ther  hand, 
appeared t o  upse t  t he  con t ro l  of behaviw by v a r i m s  r e i n f x c i n g  s t imulus 
2bQects The a n i m a l s  with les ims i n  t h e  2 l f a c t x y  c:,rtex c m l d  ngt  d i s -  
cr iminate  e d i b l e  frm inedib le  2bjects  u n t i l  t h e  3b jec t s  w e r e  i n  t h e i r  mouths; 
they  respmded sexua l ly  not  only t g  appropr ia te  sexual  pa r tne r s  bu t  even t 3  

inanimate 3b jec t s ;  and they  d id  n3t  appear t 2  r e spmd i n  t h e  usua l  way t o  
gb jec t s  which had f:,rmerly p s e d  a threat (Kluver and Bucy, 1939). Thus, 
one might cmclude  t h a t  t h e  f i e l d  mediates contr91 3f behavior by r e in fo rc ing  
stLInulus fwtrws, slid that the f3cus I s  e l t h e r  a iiisre b a s i c  uella I ,ral 2 oz - 
tml  cen te r  o r  a mediator f o r  more v i s c e r a l  and hwmonal f a c t o r s .  

N 3 t  only has  p o s i t i v e  reinforcement been r e g u l a r l y  provoked by stimu- 
l a t i n g  approximately t h e  same areas as those  prev ious ly  implicated i n  s t u d i e s  
o f  b a s i c  d r ives ,  bu t  a t  many b r a i n  poin ts ,  t h e  behavior l ead ing  t o  stimu- 
l a t i o n  was a l s o  augmented o r  diminished by manipulation of a t  least  one of 
t h e  b a s i c  d r ives  Furthermore, w i t h  s t imu la t ing  probes a t  d i f f e r e n t  b r a i n  
p o i n t s ,  d i f f e r e n t  d r ives  w e r e  e f f e c t i v e .  

When e l ec t rodes  w e r e  placed i n  t h e  so-ca l led  "feeding center  of t h e  
lateral  hypothalamus," which is  a par t  of  t h e  olfactory-midbrain pathway, 
s e l f - s t i m u l a t i m  a t  high rates w a s  provoked; 
increments i n  t h e  Se l f - s t imu la t ion  response rates i n  rats (Herberg, 1963a; 
Hoebel and Teitelbaum, 1962; Margules and Olds, 1961) and c a t s  (Wilkinson 
and Pee le ,  1962) .  Food depr iva t ion  caused s i m i l a r  increments when e l ec t rodes  
were placed i n  c e r t a i n  p a r t s  of the o l f a c t o r y - c o r t i c a l  pathways i n  rats 
(Brady e t  a l . ,  1957; Hgdos and Valenstein,  1960; Olds, 1958b), and when 
e l e c t r o d e s  w e r e  p laced  i n  s l i g h t l y  d i f f e r e n t  parts of t h e  same pathways i n  
c a t s  (Brady e t  a l . ,  1957; Nielson e t  a l . ,  1958). With e l ec t rodes  i n  some 
3f t h e s e  o l f a c t o r y - c o r t i c a l  pathways, t h e  e f f e c t  of t h i r s t  appeared t o  be 
s i m i l a r  t o  t h a t  o f  hunger (Brady e t  a l . ,  1957), but t h i s  was not  c l e a r l y  
e s t a b l i s h e d  as a separa te  e f f e c t .  Castratim and androgen-replacement thera- 
py have been shown t 3  c m t r o l  Se l f - s t imula t ion  rates with e l ec t rodes  i n  o the r  
p a r t s  of t h e  o l f a c t o r y - c o r t i c a l  and olfactory-midbrain pathways (Herberg, 
1963a; Olds, 1958b, 1958e). 
o f  t h e  olfactory-midbrain system, se l f - s t imu la t ion  behaviors  seemed t o  be 
augmented by "fear" produced by a loud noise  o r  m i l d  shock ( Iku t sch  and 
H3warth, 1962) .  

food depr iva t ion  usua l ly  caused 

With some e l ec t rodes  i n  t h e  most p o s t e r i o r  part 

The hunger - r e l a t ed  rates produced by s t imu la t ing  hunger -sens it ive  parts 
of  t h e  o l f a c t o r y - c o r t i c a l  pathways were not  suscep t ib l e  t o  augmentation by 
r a i s i n g  es t rogen  l e v e l s  i n  female r a t s  (Hodos and Valenstein,  1960).  
similar d i s s o c i a t i o n  of hunger and androgen e f f e c t s  was repor ted  f o r  m a l e  
rats (Herberg, 1963a; Newman, 1961; Olds, 195%). 
t h a t  placements y i e l d i n g  se l f - s t imu la t ion  rates which w e r e  suscep t ib l e  t o  
p o s i t i v e  con t ro l  by t h e  hunger drive w e r e  d i f f e r e n t  from placements whose 
rates were suscep t ib l e  t o  p o s i t i v e  con t ro l  by sex hormones (Herberg, 1963a; 
Olds, 1958b) 

A 

I n  genera l ,  it appeared 

The problem of d r ive  i n  r e l a t i o n  t o  s e l f - s t imu la t ion  i s  far from solved.  
The f irst  m a j o r  area of d i f f i c u l t y  is posed by t h e  extremely s m a l l  d i f fe rences  
o f t en  observed when d r ives  were e f f e c t i v e  i n  modifying self - s t imula t ion  rates 
with e l ec t rodes  i n  t h e  olfactory-midbrain pathway. Some of t hese  d i f f e rences  
were s o  s m a l l  t h a t  they  might have been made by changes i n  t h e  genera l  a c t i v -  
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i t y  level ( c f .  Valenstein,  i n  press ,  1964). 
account f o r  a l l  such d i f f e rences  was suggested when a given "drive" modified 
t h e  incent ive  value 3f one brain stimulus but not  another  i n  t h e  same animal 
(Wilkinson and Peele, 1962) - 
e l e c t n d e s  w e r e  used, u sua l ly  appeared t o  be smaller than  would have been 
expected with a normal food incentive (Herberg, 1963a; Olds, 1958b). I be- 
lieve L L - L  L 7 - 2 -  3:.cn--. 

U ~ L  L L U ~  u l ~ ~ ~ c u i t y  may eventual ly  be a t t r i b u t e d  t o  one o r  more of 
t h e  fol lowing f a c t o r s :  (1) t h e  s i z e  of t h e  suprathreshold se l f - s t imu la t ion  
f i e l d  i s  usua l ly  s o  l a r g e  t h a t  it invades more than  one drive-reward f i e l d ;  
( 2 )  t h e  s t imulus i t se l f ,  invading an area which r ece ives  both "drive" and 
"reward" p ro jec t ions  , may have two ~ i m u l ~ t ~ a n e o u s  e f f e c t s ,  r e in fn rc ing  an te -  
cedent behaviors  on t h e  one hand and inducing t h e  co r re l a t ed  d r ive  on t h e  
o the r  ( c f .  Hoebel and Teitelbaum, 1962; Howarth and Deutsch, 1962; Margules 
and Olds, 1961; M i l l e r ,  1957a); and (3) wi th  m a n y  "incentive-motivated" be- 
haviors ,  it has been observed that when t h e  reward was s u f f i c i e n t l y  "at- 
t r a c t i v e "  -",= m t e c e s e n t  d r ive  crzzted by deprivfitioii was rlecessary t o  
vate behavior .  

That genera l  a c t i v i t y  d i d  not  

In  any event ,  t h e  d i f f e rences ,  when hypothalamic 

moti- 

A second d i f f i c u l t y  poses i t s e l f  mainly as an  area of i n s u f f i c i e n t  evi-  
dence. This i s  t h e  a r e a  of d r ive  e f f e c t s  on se l f - s t imu la t ion  with e l ec t rodes  
i n  o l f a c t x y - c o r t i c a l  pathways. 
p r e s s ,  1964) has  pointed out ,  experiments have been made with b r a i n  sites 
o r  s t imulus levels  which y ie lded  questionalbe se l f - s t imu la t ion  rates, e . g . ,  
t h e  work of Justenesen e t  a l .  (1963). 
l a t i o n  rates w e r e  low i n  t h e  f i rs t  p lace ,  very  l a r g e  changes could be 
produced by d r ive  manipulations without a l l a y i n g  t h e  susp ic ion  that genera l  
a c t i v i t y ,  r a t h e r  than  changes s p e c i f i c a l l y  r e l a t e d  t o  t h e  incent ive  value 
of t h e  l e c t r i c  s t imula t ion ,  w e r e  involved. I n  o ther  s i m i l a r  tests, however, 
t h e r e  w e r e  s u b s t a n t i a l  se l f - s t imula t ion  rates and very s t r i k i n g  all-or-none 
d i f f e rences  were made by manipulation of d r ives  (Olds, 1958e). Very f e w  of 
t hese  cases ,  however, have been r e p w t e d  t o  da t e  and the re fo re  a quest ion 
remains whether they  occurred by accident o r  could be reproduced a t  w i l l .  I n  
some experiments w i t h  c a t s ,  similar al l -or-none d i f f e rences  i n  s u b s t a n t i a l  
rates w e r e  repor ted  with e l ec t rodes  i n  t h e  olfactory-midbrain pathway 
(Wilkinson and Peele ,  1962). 
c o r t i c a l  and olfactory-midbrain systems may eventua l ly  be ca t egor i ca l ly  ana- 
lyzed i n t o  va r ious  drive-reward subsystems. The o l f a c t o r y - c o r t i c a l  pathways 
may y i e l d  t o  more r e sea rch  along present  l i n e s ;  even t h e  olfactory-midbrain 
system may be s o  analyzed if  spec ia l  techniques (Herberg, 1963a) o r  l a r g e r  
animals (Wilkinson and Peele ,  1962) are used. 

I n  some of t hese  cases ,  as Valenstein ( i n  

I n  t h e s e  cases ,  because se l f - s t imu-  

The hope e x i s t s ,  t he re fo re ,  t h a t  o l f ac to ry -  

I n  o the r  experiments ,  it w a s  demonstrated t h a t  i n  add i t ion  t o  p o s i t i v e  
reinforcement,  t h e  same brain probes o f t e n  y i e lded  t h e  consummatory response 
appropr ia te  t o  one of t h e  b a s i c  dr ives  i f  t h e  stimulus was de l ivered  by t h e  
experimenter,  and t h e  response opportunity e x i s t e d .  I n  these  experiments, 
e l ec t rodes  were f i rs t  t e s t e d  f o r  e l i c i t a t i o n  of consummatory o r  o ther  d r ive -  
r e l a t e d  responses and then  f o r  rewarding e f f e c t s .  

It has long been known t h a t  e lec t rodes  i n  lateral  hypothalamic "feeding 
centers"  e l i c i t e d  e a t i n g  responses ,  and t h a t  l e s i o n s  i n  t h e s e  areas caused 
more o r  less  complete cessa t ion  of  ea t ing  (Anand and Brobeck, 1951a; 1951b; 
1952; Delgado and Anand, 1953; Hess, 1954; Morgane, 1961; Teitelbaum and 
S t e l l a r ,  1954). 
(Olds e t  a l . ,  1960), it became c l ea r  that  t h i s  same lateral  hypothalamic 
s e c t o r  w a s  one of several regions of the olfactory-midbrain pathway y ie ld ing  

With increas ingly  de t a i l ed  mapping of s e l f - s t imu la t ion  
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* m a x i m a l  pos i t i ve  reinforcement with e l e c t r i c  s t i m u l a t i x  (Wendt and Olds, 
1957). It w a s  shown, i n  f a c t  (Margules and Olds, 1961, Mi l le r ,  1961b) t h a t  
many gf  the same e lec t rodes  which e l i c i t e d  e a t i n g  responses a l s o  caused 
p o s i t i v e  reinforcement of gperant behavior, and t h a t  t h e  threshold  stimulus 
l e v e l  w a s  sometimes the  same f o r  the two  kinds of e f f e c t .  A study by Hoebel 
and Teitelbaum (1962) a l s o  showed t h a t  st imulus -control led e a t i n g  and hunger- 
r e l a t e d  se l f - s t imula t ion .  c m i d  be obtained by s t imula t ion  of t h e  same e l e c t r x i e s  
i n  t h e  " l a t e r a l  hypothalamic feeding cen te r .  I t  Near the  "feeding center  , I '  t h e r e  
i s  another midhypothalamic region known as  the  " s a t i e t y  center" ( c f .  Brobeck, 
1946; Mi l l e r  e t  a l . ,  1950) because l e s ions  i n  it have causedanimals t o  eat i n -  
s a t i a b l y  u n t i l  g rea t  9bes i ty  appeared. Hqebel and  Teitelbaum (1962) shqwed 
t h a t  s t imula t ion  of t he  s a t i e t y  center  caused e l imina t ion  of both ea t ing  and 
self -s t imulat ion responses caused by concomitant s t imula t ion  i n  t h e  feeding 
cen te r .  These f ind ings  seemed t o  ind ica te  a s t r u c t u r a l  and func t iona l  over- 
l a p  o f  a center  responsible  f o r  lowering t h e  threshold  of e a t i n g  r e f l exes  and 
a ceii ter respiisib12 f3r kUger-rel&ted p s i t i v e  relnfsrcezeiit . 

With respec t  t o  t h i r s t ,  a region i n  t h e  pos t e r io r  lateral hypothalamus 
of t h e  goat yielded voracious drinking upon e l e c t r i c  s t imula t ion  (Anderson e t  
a l . ,  1958). 
inforcement (Olds and Olds, 1963) . 

A homologous poin t  i n  the  rat yielded very in tense  pos i t i ve  re- 

I n  the  s tud ie s  of hunger (Grastyan, e t  a l . ,  1956; Miller, 1957a) and 
t h i r s t  (Anderson, 1953), s t imulat ion of t he  rewarding l a t e r a l  hypothalamic 
"dr ive" center  not only caused consummatory behavior when t h e  goal was 
presented but  a l s o  spec i f i c ,  learned, goal-directed instrumental  responses 
when food o r  water were absent .  

Quite r ecen t ly  (Herberg, l963a),  a similar r e l a t i o n s h i p  between some of 
t h e  sexual cen ters  and se l f - s t imula t ion  has been demonstrated. A grea t  dea l  
o f  work (Brookhart and Dey, 1941; Dempsey and Rioch, 1939; Dey e t  a l . ,  1940; 
Fisher ,  1956; MacLean, 1958; MacLean and Ploog, 1960; MacLean e t  a l . ,  1959; 
1960; 1961; Sawyer, 1960) has implicated a v a r i e t y  of nervous system s t r u c -  
t u r e s  i n  var ious sexual  phenomena. Included were p a r t s  of t h e  o l fac tory-  
c o r t i c a l  system and p a r t s  of  the olfactory-midbrain system. A l l  of these  
a reas  have a l s o  been implicated by pos i t i ve  reinforcement t e s t s  (01ds,1956; 
Olds e t  a l . ,  1960; Olds  and O l d s ,  1963). I n  e a r l y  t e s t s  with rats (Olds ,  
1958b) , a p a r t  o f  t h e  olfactory-midbrain pathway ( c a l l e d  t h e  supramammillary 
reg ion)  appeared t o  y i e l d  androgen-related p o s i t i v e  reinforcement.  However, 
only one case w a s  o f fe red  i n  evidence. La ter ,  t he  work of MacLean and h i s  
colleagues (MacLean, 1958; MacLean and Ploog, 1960; MacLean e t  a l . ,  1959; 
1960; 1961) showed t h a t  i n  monkeys a homologous area seemed t o  be involved 
i n  stimulus-provoked sexual responses. Very r ecen t ly ,  i n  a c a r e f u l  s tudy 
with s u f f i c i e n t  numbers of rats, Herberg (1963a) showed (1) t h a t  t h i s  was 
an area producing r ap id  se l f - s t imula t iong ,  ( 2 )  t h a t  s e l f - s t imu la t ion  i n  t h i s  
region w a s  r egu la r ly  accompanied by semina discharges without pen i l e  e rec -  
t i o n ,  (3)  t h a t  s t imula t ion  i n  t h i s  region by t h e  experimenter produced 
s imi la ry  sexual response,  and ( 4 )  t h a t  t he  se l f - s t imu la t ion  behavior provoked 
with e lec t rodes  i n  t h i s  region w a s  qu i te  l i k e l y  augmented by high androgen 
l e v e l s  and depressed by hunger. Herberg speculated t h a t  a lower, medial 
quadrant of the  olfactory-midbrain pathway w a s  devoted t o  sexual  behavior,  
some other quandrant of t h e  same pathway being devoted t o  e a t i n g  behavior.  
H i s  da ta  appeared cons is ten t  with e a r l i e r  data (Olds, 1958b) i n  suggest ing 
a poss ib le  negative i n t e r a c t i o n  between the  sexual and e a t i n g  systems. 
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A s  a result of t hese  s t u d i e s  it appears inc reas ing ly  l i k e l y  t h a t  a t  a 
b r a i n  p i n t  where e l e c t r i c  s t i rnu la t im  lowers t h e  threshold  o f  t h e  i n s t r u -  
menta.1 and cmsummatory responses appropriate  t o  a given d r ive ,  s t imu la t ion  
w i l l ;  a l s o  y i e l d  rewarding e f f e c t s  t h e  i n t e n s i t y  of which w i l l  vary as a 
func t ion  Df t h e  same d r ive .  One i s  tempted t o  suppose t h a t  s eve ra l  d r ive -  
reward systems e x i s t ,  and t h a t ,  i n  each case,  t he  threshold  of t he  system 
v a r i e s  with appropr ia te  hormonal o r  dep r iva t iona l  condi t ions.  Moderate 
a c t i v i t y  i n  the system wo-dld l o w e r  t h e  t h r e s h d d s  of r e l a t e d  ins t rumenta l  
2nd cmsurnmztory responses ,  and t h e  s t r o n g  a c t i v a t i o n  of t h e  system would 
funct, ion as p o s i t i v e  reinforcement o f  behavior .  

Because s t imu la t ion  appl ied  t o  many po in t s  i n  t h e  " v i s c e r a l  b ra in"  i n -  
duces p o s i t i v e  reinforcement as w e l l  as some instrumental  o r  consummatory 
"dr ive"  response,  we are forced t o  imagine a c lose ly  interwoven pair of sys-  
t e m s  mediating t h e  con t ro l  of behavior under condi t ions  of depr iva t ion  on 
t h e  one hand and condi t ions  o r  consummation on t h e  o the r .  Tnere even seems 
TO be a t h i r d  member of t h i s  group which con t ro l s  behavior under t h e  condi- 
t i o n  2f s a t i e t y ,  fol lowing excessive consummation. Thus, as ind ica t ed  
above, i n  the  hypothalamus, (1) a l a t e r a l  area i s  known as t h e  "feeding 
center ' '  because with l e s i o n s  i n  the  area animals must be forced t o  eat 
and with s t i x u l a t i m ,  "hunger" appears t o  be evoked; (2)  e l e c t r i c  s t i -  
n u l a t i o n  i n  t h i s  feeding  center  n o t  only evokes "hunger dr ive" bu t  ap- 
p a r e n t l y  causes,  a t  t h e  same time, some p o s i t i v e  reinforcement of behavior;  
and (3 )  a nearby medial area i s  known as the  " s a t i e t y  center* because with 
l e s i o n s  i n  t5e area t h e  animals do not become sa t ed  normally b u t  w i l l  eat 
mti l  they  become excess ive ly  obese. 

Autonomic Re la t ions  

The o l f a c t o r y - c o r t i c a l  and olfactory-midbrain pathways comprise, among 
3 ther  t h ings ,  the  system of s t r u c t u r e s  which has been shown t o  hold t h e  
h igher  c3nt r -d  cen te r s  3f autonomic func t ion .  The sympathetic and para- 
syrapsthetic cen te r s  were discavered by W.R. H e s s  (1954) i n  t h e  ear l ies t  
w x k  u t i l i z i n g  ch ron ica l ly  implanted depth probes . 

It i s  i n t e r e s t i n g  t o  consider  t h a t  t h r e e  heavi ly  overlapped systems, 
i . e . ,  (1) t he  chemoreceptor, o l f ac to ry  mechanism; (2)  t h e  system o f  d r ive  
r egu la to ry  mechanisms; and (3)  the h igher  c o n t r d  cen te r s  o f  autonomic 
funct ion:  s-hould now t u r n  o u t  t o  be overlapped aga in  by a new common denom- 
i n a t o r ,  namely, t h e  f a c t  t h a t  behavior con t ro l l ed  by reinforcement can be 
e l i c i t e d  by s t imu la t ing  almost a l l  o f  t hese  s t r u c t u r e s .  I n  order  t o  empha- 
s i z e  aga in  the extreme ubiqui ty  of reinforcement si tes wi th in  t h i s  system 
of s t r u c t u r e s ,  I w i l l  say t h i s :  I doubt  i f  t h e r e  are any po in t s  i n  t h e  ol- 
factory-visceral-autonomic b r a i n  which do no t  y i e l d  p o s i t i v e  o r  negat ive 
reinforcement of behavior .  The vas t  ma jo r i ty  of points y i e l d  p o s i t i v e  re -  
inforcement o r  a mixed p o s i t i v e  and negat ive  e f f e c t .  

Au t snmic  Resoonses 

Hess (195h), who first s tudied t h e  autonomic consequences of e l e c t r i c a l  
s t im-uiat ion,  divided hypothalamic responses i n t o  two types : "ergotropic"  
and " t rophot ropic ."  Ergotropic  responses were r e l a t e d  t o  t h e  sympathetic 
nervous system but  included some somatic expressions,  i . e . ,  "voluntary" be- 
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* hav io r s .  These responses w e r e  considered t o  enable  muscular e f f o r t  such as 
ic defense,  a t t a c k ,  o r  f l i g h t .  Among t h e  responses w e r e  p u p i l l a r y  d i l a t a -  
t i o n ,  r ise  i n  blood pressure, increase i n  pulse  r a t e ,  a c t i v a t i o n  of respira- 
t i o n ,  increase  i n  motor e x c i t a b i l i t y ,  and genera l  excitement of t h e  animal. 

I n  c o n t r a s t ,  t rophot ropic  a c t i v i t i e s  of a parasympathetic type r e l eased  
tension by diminishing t h e  capac i ty  of t h e  organism t o  produce phys ica l  e f -  
f o r t ,  and provided rest  and r e s t i t u t i o n  after s t r a i n .  Such responses included 
slowing of r e s p i r a t i o n ,  drop i n  blood pressure ,  mic tu ra t ion  and defeca t ion ,  
s a i i v a t i m ,  p u p i l l a r y  cont rac t ion ,  and l o s s  of s k e l e t a l  muscular tone .  

By e l e c t r i c  s t imu la t ion  i n  chronically-implanted c a t s ,  Hess produced 
e rgo t rop ic  responses i n  a l a r g e  region i n  and around the midbrain end of the 
olfactory-midbrain pathways. Thus most of t h e  p o s t e r i o r  hypothalamus was 
involved. A l l  e rgo t rop ic  responses tended t o  go toge the r  s o  t h a t  a po in t  
~.Ainh I T ~ T T O  nnn n-f +hnmn nf-fn-+r. - - A : - - - < l - -  -.--A..--d - 1 1  -n - 
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The po in t s  where s t imu la t ion  produced t ropho t rop ic  o r  parasympathetic 
e f f e c t s  were f ,mnd t o  be d ispersed  wer t h e  olfactory-midbrain system. Thus 
m o s t  o f  t h e  a n t e r i o r  hypothalamus was involved. Trophotropic e f f e c t s  d i d  
not  show as much tendency t o  go toge ther  as w a s  seen i n  t h e  e rgo t rop ic  res- 
ponses.  Micturat ion,  defeca t ion ,  slowing of  respirat im,  and dec l ine  i n  
blood pressure were observed on s t imula t ion  of m g s t  r eg ions  of  a n t e r i o r  hypo- 
thalamus and o f  the neighboring o l f ac to ry  f i e l d .  The lateral  part of the 
a n t e r i o r  hypothalamic reg ion  a l s o  produced the o ther  t rophot ropic  responses,  
i . e . ,  s a l i v a t i o n ,  p u p i l l a r y  cons t r i c t ion ,  and l o s s  o f  muscular tone .  This 
l o s s  of muscular tone ,  c a l l e d  "adynamia" by Hess, involved t h e  an imal ' s  s ink -  
ing  down l i k e  an i n e r t  mass, without any of t h e  normal adjustments involved 
i n  l y i n g  down. The eyes s tayed  open; t h e  state w a s  q u i t e  d i f f e r e n t  from 
"sleept', which Hess seemed t o  produce by s t imu la t ing  t h e  reg ion  of t h e  tha -  
lamic in t ra laminar  nuc le i .  F i n a l l y ,  an  area which produced only p u p i l l a r y  
con t r ac t ion  and arrest o f  b rea th ing  was a l s o  found i n  and above an a n t e r i o r  
reg ion  of t he  hypothalamus. The only one of t h e  t rophot ropic  e f f e c t s  found 
over the whole region seemed t o  be a r r e s t  of b rea th ing .  

Some tendency of parasympathetic-l ike response t o  be found i n  areas 
as soc ia t ed  with p o s i t i v e  reinforcement,  and of sympathet ic- l ike responses 
t o  b e  f m n d  i n  areas as soc ia t ed  w i t h  negat ive reinforcement w a s  a t  first 
suggested (Olds, 1958a) ; however, the c o r r e l a t i o n  was not  confirmed. That 
t h e r e  should be mixed autonomic responses from a drive-reward system is  
reasonable ,  consider ing t h e  widely var iab le  na ture  of t h e  instrumental-and- 
then  -con summat ory behavi or  s e r  i e  s involved . 

Autonomic responses of a n  even more mixed na ture  w e r e  y i e lded  by s t i m -  
u l a t i o n  of t h e  rhinencephal ic  f i e l d  (Gastaut e t  a l . ,  1952; Gloor, 1956; Kaada, 
1951; Kaada e t  a l . ,  1954). Moreover, qu i t e  o f t e n  two mutually opposed e f f e c t s  
were achieved from a s i n g l e  p o i n t ,  depending on d i f f e rences  i n  anes thes i a ,  
s t imulus parameters, o r  o the r  factgrs. For example, r e s p i r a t i o n  was i n -  
h i b i t e d  o r  exc i t ed ,  depending on anes thes ia  l e v e l s  w i t h  s t imu la t ion  i n  one 
p lace  (Hess e t  a i . ,  1952) .  
Tion of another  p o i n t ,  and t h e  nature of t h e  e f f e c t  va r i ed  w i t h  changes of 
s n e s t h e s i a  o r  s t imulus parameters.  A c t i v i t y  of t h e  stomach w a s  s t a r t e d  o r  
st3pped by s t imu la t ion  o f  a t h i r d  point ;  i n  t h i s  case,  a r e v e r s a l  of back- 
grmnd stomach a c t i v i t y  w a s  the r u l e  (Kaada e t  a l . ,  1954). 

B lmd  pressure w a s  r a i s e d  or lowered by s t imula-  
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Simi lar  r eve r sa l s  appeared when e x c i t a t i o n  and i n h i b i t i o n  of somatic 
"voluntary" mgvements were s tud ied  under s t imula t ion  i n  t h e  same a r e a s .  
unanesthet ized or l i g h t l y  anesthet ized animals, s t imula t ion  of rhinenceophalic 
areas seemed t o  i n h i b i t  c)r a r r e s t  spontaneous movement. I n  these  same animals, 
a f t e r  adminis t ra t ion  of anes thes ia ,  f a c i l i t a t i o n  of r e f l e x  or c o r t i c a l l y  in -  
duced mmement w a s  Dften 3bserved (Kaada e t  a l . ,  1954). 

I n  

It i s  perhaps re levant  t h a t  both p o s i t i v e  and negative behavioral  mecha- 
nisms of reinforcement invDlve exc i t a t ion  - and i n h i b i t i o n .  
prmoked t o  a c t i v i t y  by "ant ic ipa t ion"  of reward caused by a conditioned s t i -  
mulus, and ye t  t h e  same animal may be pac i f i ed  by the  appltcatim of t he  reward 
s t imulus i t s e l f .  
h i b i t e d  by a n i t i c i p a t i o n  of it, y e t  be provoked i n t o  in tense  a c t i v i t y  by i t s  
app l i ca t ion .  
h i b i t i o n s  of somatic movement derived from e l e c t r i c a l  s t imula t ion  appl ied t o  

challenge i s  t o  spec i fy  t h e  conditions of t h e  t w o  phenomena i n  the  hope t h a t  
t h i s  might f u r t h e r  t h e  understanding of t h e  a c t u a l  mechanisms of r e in fo rce -  
ment. 

The animal i s  of ten  

Conversely, with a punishing s t imulus,  t h e  animal may be i n -  

Thus it i s  not surpr i s ing  t o  f i n d  r e v e r s i b l e  e x c i t a t i o n s  and i n -  
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There have been th ree  s tud ie s  i n  which t h e  same b r a i n  s t i m u l i  were t e s t e d  
f g r  bDth re inforc ing  e f f e c t s  on s k e l e t a l  behavior and autonomic e f f e c t s  on 
h e a r t  rate. I n  the  f i rs t  o f  t hese ,  Malmo (1961) repor ted  t h a t  s t imula t ion  
i n  d f a c t o r y - c o r t i c a l  pathways, which produced mild p o s i t i v e  reinforcement, 
a l s o  produced cardiac slowing. Mxe recent  s tud ie s  by Meyers e t  a l .  (1963), 
Perez-Cruet e t  a l .  (1963) indica ted  c l e a r l y  t h a t  t h e  long run e f f e c t  of s t i m -  
u l a t i o n  i n  some p a r t s  of t he  o l f ac to ry -co r t i ca l  f i e l d  i s  a slowing of h e a r t  
r a t e ,  al though the re  i s  o f t en  a b r i e f  rise i m m e d i a t e l y y f t e r  s t imula t ion  
(Meyers e t  a l . ,  1963). However, these same t w o  s tudes ind ica ted  t h a t  t h e  
e f f e c t  of  s t imula t ion  i n  the  hypothalamic focus i s  qu i t e  d i f f e r e n t .  On stim- 
u l a t i o n  the re  i s  a rise i n  hea r t  r a t e  which may or may not f a l l  back t o  the  
pres t imula t ion  l e v e l .  Thus on olfactory-midbrain s t imula t ion ,  t he re  i s  of ten  
an w e r a l l ,  as wel l  as a momentary, increase i n  t h e  h e a r t  r a t e ,  but apparent- 
l y  never a slowing. 

Dependent Variables  

I n  numerms s tud ie s ,  t he  e f f e c t s  of brain-s t imulus reinforcement have 

These comparisons were undertaken as p a r t  of a general  
been compared with the  e f f e c t s  of ordinary reinforcement under widely vary- 
ing  circumstances. 
program aimed a t  discovering whether t h e  s t imulated neura l  t i s s u e s  might form 
p a r t  of  a subs t r a t e  of n a t u r a l  pos i t i ve  reinforcement phenomena. It i s  i m -  
F w t a n t  t o  remember i n  consider ing these comparisons t h a t  t h e  answers could 
never be unique because brain-stimulus reinforcement d i f fe rs  f o r  each locus 
of t he  s t imula t ing  probes and f o r  each i n t e n s i t y  of s t imu la t ion .  

Mmement from Place t o  Place 

I n  the  s implest  demonstration of t h e  production of  p o s i t i v e  r e in fo rce -  
ment by e l e c t r i c  s t imula t ion ,  t he  stimulus w a s  appl ied whenever the  animal 
walked i n t o  a p a r t i c u l a r  subdivision of a t e s t  chamber. I n  these experiments, 
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the ESB was considered t o  cause pos i t i ve  reinforcement i f  the animal re turned  
w i t h  a greater-than-chance frequency t o  t h e  p lace  where it rece ived  the s t im-  
u l u s  (Bursten and. Deigado, 1958; Olds, 1955a; Olds, 1955b). I n  one series of 
experiments (Olds, 1956b), a runway connected a start compartment w i t h  a goa l  
box; hungry rats t r ave r sed  it f a s t e r  f o r  a s t imulus reward t h a n  f o r  a food re- 
ward. I n  one of t hese  experiments,  animals first performed i n  a runway, a f t e r  
which t h e  start compartment and goal box were connected by a maze in s t ead  of 
a runway. Hungry rats showed t r i a l - t o - t r i a l  improvement i n  both  speed and 
accuracy, l ea rn ing  t h e  maze somewhat faster f o r  a food reward bu t  t r a v e r s i n g  
it faster f o r  ESB reward. Day-to-day improvement was demonstrated even on 
t h e  f irst  t r ia l  of each day, i nd ica t ing  t h a t  approach behavior zccurred with- 
out  a prest imulus.  I n  these  experiments, e l ec t rodes  w e r e  implanted i n  01- 
f a c t o r y - c o r t i c a l  areas; later experiments showed t h a t  some rats wi th  hypo- 
thalamic e l ec t rodes  learned  even f a s t e r  (Olds e t  a l . ,  1960). 
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t i s f a c t o r y  se l f - s t imu la t ion  behavigr d i d  not  s i m i l a r l y  s u s t a i n  runway o r  maze 
performances (Newman, 1961; Spear,  1962) .  A p a r t i a l  explanat ion was given by 
experiments which showed t h a t  f o r  some e l ec t rodes  a p r i o r  "bout" of "priming" 
s t imu la t ion  was necessary before  the b r a i n  s t imulus would serve  as a satis- 
f a c t o r y  incent ive  f o r  runway performance (Wetzerl, 1963); f o r  s t imu la t ion  v i a  
o the r  p o s i t i v e  e l ec t rodes ,  animals r a n  w e l l  without priming. H i s to log ica l  
d a t a  w e r e  not  presented,  bu t  it appeared t h a t  s m a l l  d i f f e rences  i n  anatomical 
l o c a t i o n  of t h e  e l ec t rodes  might account f o r  t h e  observed d i f f e rences .  The 
da ta  were not compatible with t h e  v iew t h a t p r i o r  s t imu la t ion  served t o  a c t i -  
va t e  t h e  animal gene ra l ly  o r  t o  motivate performance because: 
d id  not  run faster t o  food a f t e r  the priming, and ( b )  the b r a i n  s t imu la t ion  
o f t e n  appeared t o  be avers ive  before t h e  priming. The au thor  suggested that 
t h e  priming bout served t o  a t tenuate  some i n i t i a l  aversive c h a r a c t e r i s t i c s  
of the b r a i n  s t imula t ion  which might i n i t i a l l y  have ambivalent e f f e c t s ,  bu t ,  
af ter  some pre l iminary  s t imu la t ion ,  have more pure ly  p o s i t i v e  e f f e c t s .  One 
might t h ink  of a b a t h e r ' s  response t o  water .  

(a)  animals 

Other d a t a  ind ica ted  t h a t  f o r  ESB reward v i a  some e l ec t rodes  t h e r e  w a s  

The explanat ion,  i n  terms of an 
an overnight  decrement i n  maze performance as cont ras ted  wi th  an  overnight 
improvement f o r  food reward (Olds,  1956b). 
i n i t i a l  ambivalence, might be appl icable ,  bu t  t hese  da t a  a l s o  permit a simpler 
explana t ion .  I n  the  s tudy i n  question, each day ' s  f i rs t  t r ia l  w a s  b e t t e r  than  
t h e  previous day ' s  f i rs t  t r i a l ,  ind ica t ing  (a)  day t o  day improvement, ( b )  
overnight  r e t e n t i o n ,  and ( e )  t h a t  priming was unnecessary. 
run o f  one day was always b e t t e r  than t h e  f i r s t  run of t h e  next  day; t h i s  
might i nd ica t e  only a warm-up e f f e c t .  That a similar warm-up e f f e c t  d i d  not  
appear with food reward could be a t t r i b u t e d  t o  t h e  f a c t  t h a t  i n  t h e  case of 
food it was counteracted by a s t rong and r e a d i l y  apparent s a t i a t i o n  tendency 
i n  t h e  course of a day ' s  t r i a l s .  

However, t h e  last  

Se l f  -St imuiat  ion 

The mos t  widely used method of measuring reinforcement is, of course,  
Sk inne r ' s  operant method. The app l i ca t ion  of the term "self -s t imulat ion" t o  
ESS reward phenomena w a s  popularized by Brady (Brady, 1958a; 1960a);  t h e  term 
refers t o  t h e  response made by the animal t o  t r i g g e r  an ESB reward. 
periments using a Skinner box f o r  which t h e  operant l e v e l  was i n  t h e  15-50 

I n  ex- 



. rph (responses  per  hour) range, the  a c q u i s i t i o n  scores  of rats o f t e n  ranged 
h igher  than 8000 rph when qlfactory-midbrain stLmidlat’im - a s  used as r e in fo rce -  
ment (Olds e t  a l .  , 1960). Rates of 300-1000 rph were the  r u l e  with e l ec t rodes  
i n  2 l f a c t 3 r y - c 2 r t i c a l  a r eas  (Olds e t  a l . ,  1960; Olds and Olds ,  1963; Wurtz and 
Olds, 1963). 
ponses per  secmd have been reported f o r  b r i e f  

I n  se l f - s t imu la t ion  experiments with monkeys, rates of 17 r e s -  
i n t e r v a l s  ( L i l l y ,  1958a). 

Ex t inc t ion  and R a t i o s  

I n  e x t i n c t i o n  tests, response r a t e s  o f t en  have dropped o f f  very r ap id ly  
a f t e r  t h e  b r a i n  s t imulus reinforcement was withdrawn, s o  r a p i d l y  that t h i s  w a s  
thought by some t o  ind ica t e  a major d i f f e rence  between b r a i n  s t imulus r e in fo rce -  
ment and reinforcement with more ordinary s t i m u l i  (ijeutsch, 1963;  jjeutsch and 
Howarth, 1963; Olds and Milner,  1954; Seward e t  a l . ,  1959; Sidman e t  a l . ,  1955). 
The argument w a s  t h a t  e x t i n c t i o n  occurred more r a p i d l y  than  would be expected, 
e m s i d e r i n g  the  very high r e s p m s e  r a t e s  during a c q u i s i t i o n  (Olds and Milner,  
1954; Seward e t  a l . ,  1959). 
ngt  s u s t a i n  very high response r a t i o s ,  i . e . ,  they  would make e i g h t  but  not  50 
l e v e r  responses fx  one brain-s t imulus reward (Sidman e t  a l . ,  1955) .  

And by t h e  same token, animals pursuing ESB did 

Whatever t he  reason f o r  t he  rapid e x t i n c t i o n  and l o w  response r a t i o n s  ob- 
served i n  many cases ,  it i s  c l e a r  t h a t  escept ions  have a l s o  been observed. With 
s t imu la t ion  i n  t h e  medial forebra in  bundle i n  monkeys (Brodie e t  a l . ,  1960a), a 
very l a r g e  response output during ex t inc t ion  and r a t i o s  higher  than 100 responses 
f o r  one ESB were observed. Another s tudy ind ica ted  t h a t  when s t imu la t ion  w a s  i n  
p o s t e r i o r  p a r t s  of t h e  olfactory-midbrain pathways, r e v e r s a l  l ea rn ing  was s l o w e r  
i f  ESB r a t h e r  than food was used as reward (Kling and Matsumiya, 1962) .  The 
a u t h x s  of the  l a t te r  work considered t h e  slow r e v e r s a l  l ea rn ing  t o  i nd ica t e  
t h a t  t h e r e  was nothing inhe ren t ly  impermanent about responses conditioned with 
ESB reinforcement,  and t h a t  i n  c e r t a i n  t e s t  they  might be even m r e  p e r s i s t e n t  
than f3od re inforced  responses .  

Exceptions t o  t he  cont ra ry  n9twithstanding, it appeared t h a t  p e r s i s t i n g  
r e s p m s e  p a t t e r n s  were e a s i e r  t o  cgme by with food than with ESB rewards. The 
quest ion i s ,  Why? 
t a n e m s l y  a dr ive  inducer and a rewarding s t imulus because it a f f e c t e d  t w o  
proximal 3r i n t e r d i g i t a t e d  pathways. They be l ieved  t h a t  t h e  animal stgpped 
responding r a p i d l y  not  because t r u e  e x t i n c t i o n  had occurred but  r a t h e r  because 
t h e  ESB induced dr ive  d i s s i p a t e d  rapidly;  they seemed t o  suggest t h a t  t he re  
w a s  no incent ive  value i n  t h e  ESB reward i n  t h e  absence of t h e  ESB induced 
d r i v e .  I n  support  of t h i s  view, they presented a Skinner box experiment i n  
which a removable l e v e r  was used. The animals t h a t  showed l i t t l e  enough r e s -  
ponding i n  t h e  e x t i n c t i o n  anyway showed even l e s s  after t h e  l e v e r  was removed 
f o r  10 seconds and then r e i n s e r t e d .  Responding a f t e r  r e i n s e r t i o n  w a s  s o  much 
l e s s  t h a t  t he  au thors  concluded tha t  e x t i n c t i o n  was a func t ion  of time r a t h e r  
than of unrewarded responses ( a s  it i s  considered t o  be i n  food experiment) .  

Howarth and Deutsch (1962) suggested t h a t  t he  ESB w a s  simul- 

I n  another experiment making the same po in t ,  Deutsch and Howarth (1963) 
sh2wed t h a t  t h i r s t y ,  s e l f - s t imu la t ing  rats gf ten  p re fe r r ed  ESB t o  water i f  
g f fe red  a choice immediately a f t e r  ESB. The p r o b a b i l i t y  of a choice o f  ESB 
m e r  water,  however, decl ined a s  a func t ion  of t h i r s t  and as a func t ion  of 
t he  interposed i n t e r v a l  between the previous ESB and t h e  choice.  



. S h o r t l y  t h e r e a f t e r ,  t h e  e x t i n c t i o n  experiment with t h e  removable lever was re- 
peated and it was found t h a t  a f e w  f r e e  s t . h u l a t i o n s  during t h e  lever-out  pe- 
r i o d  would increase  the number of ex t inc t ion  responses which appeared la ter  
a f t e r  r e i n s e r t i o n  (P l i skof f  and Hawkins, l963a); t h i s  was considered a f u r t h e r  
support  3f the  dr ive- induct ion view. However, t hese  au thors  a l s o  found e v i -  
dence cont rad ic tory  t o  any simple vers ion of t h e  dr ive- induct ion view. I n  one 
g f  t h e i r  experimental  groups, t h e  lever  w a s  p e r i o d i c a l l y  removed and r e i n s e r t e d  
after a f ixed  per iod  of t i m e  d u r i n g t h e  whole t r a i n i n g  per iod .  A f t e r  t h i s  kind 
of t r a i n i n g ,  t h e  animals did not show e x t i n c t i o n  as a func t ion  of time a lone .  
I n  fac t ,  t h i s  group showed fewer ex t inc t ion  responses i f  ext inguished immedi- 
a t e l y  after a b m t  zf self-s t i rni l la t ion than  i f  ext inguished at  t h e  t i m e  o f  lever 
re  i n s e r t  i o n  . 

Herberg (1963b) a l s o  fcund evidence aga ins t  t h e  overs impl i f ied  drive- 
induct ion  view. He u t i l i z e d  sex-related and food-re la ted  se l f - s t imu la t ion  
p o i n t s  i n  two d i f f e r e n t  groups. I n  each case, ESB y ie lded  t h e  appropr ia te  
consummatory response,  and t h e  se l f - s t imu la t ion  rate w a s  a d i r e c t  func t ion  
of t h e  appropr ia te  d r ive .  With ESB i n  such po in t s ,  Herberg argued, normal 
d r ive  manipulations (such as deprivat ion 3r manipulation of hormones, should 
be s u f f i c i e n t  t o  c r e a t e  d r ive ,  and the  induct ion by ESB i tself  should be un- 
necessary.  However, even i n  the  cases where responding was a func t ion  of t h e  
appropr i a t e  d r ive ,  e x t i n c t i o n  was not.  High d r ive  l e v e l s  could increase  the  
rate of t h e  se l f - s t imu la t ion  response, bu t  t he  d id  not  add m a t e r i a l l y  t o  t h e  
number of responses i n  e x t i n c t i o n .  Therefore,  argued Herberg, it d id  not  seem 
reasonable  t o  suppose t h a t  t h e  r a p i d i t y  of e x t i n c t i o n  was due e n t i r e l y  t o  a 
d e f i c i t  i n  t h e  appropr ia te  d r ive .  He a l s o  showed t h a t  t h e r e  was more respond- 
ing  i n  e x t i n c t i o n  i f  a f i x e d  r a t i o  schedule, r a t h e r  t han  a continuous r e i n -  
forcement schedule,  was used, and t h a t  a rat habi tua ted  t o  3-min bouts  of s e l f -  
s t imu la t ion  y ie lded  a very  l a r g e  ex t inc t ion  output i f  t h e  experimental  per iod  
was suddenly shortened t o  15  seconds. The work of P l i s k o f f ,  Hawkins and 
Herberg might be summarized by arguing t h a t  any manipulation which served t o  
f o s t e r  an expectancy of reward during t h e  e x t i n c t i o n  per iod  improved e x t i n c t i o n  
output ,  and, t he re fo re ,  t h a t  expectancy of reward was as important as ESB- 
induced dr ive  i n  determining ex t inc t ion  rates. 

Tfie converse of t he  l a t t e r  argument i s  t h a t  t h e  r ap id  drop-off i n  rates 
during e x t i n c t i o n  might der ive  from a rapid drop i n  "expectancy" r a t h e r  than  
a sudden drop i n  "dr ive ."  
t h e  s h o r t  response-reinforcement i n t e r v a l ,  ( 2 )  t h e  l a r g e  number reinforcements 
u sua l ly  appl ied ,  and (3) t h e  repeated "bouts" of a c q u i s i t i o n  (i  .e -, per iod ic  
recondi t ion ing) ,  and th i s  could accmnt  f o r  t h e  r a p i d  drop-offs .  
a l s o  po in ted  out that  "air l i ck ing"  experiments i n  which a t h i r s t y  animal i s  
apparent ly  r e in fo rced  by l i c k i n g  a j e t  stream of co ld  air  (Hendry and Rasche, 
1961j provide t h e  only ins tance  of comparable a c t i v i t y  "subject  t o  as prompt 
and f requent  reinforcement" as self - s t imula t ion .  
e x t i n c t i o n .  

Herberg sa id  t h a t  overlearning r e s u l t e d  from (1) 

Herberg 

Ai r - l i ck ing  a l s o  shows r a p i d  

I n  a r ecen t  exchange of l e t t e r s ,  Iku tsch  (1963b) appeared t o  d isc la im 
the s h p l i f i e d  vers ion  of t h e  dr ive- indueTim hypothesis ,  and P l i sko f f  and 
Hawkins (1963b) suggested an a l t e r n a t i v e  explana t ion  cf r ap id  e x t i n c t i o n ;  
"It i s  e n t i r e l y  poss ib l e  t h a t  behavior maintained by b r a i n  s t imu la t ion  is  
unmotivated and t h a t  such behavior i nd ica t e s  t h e  e f f e c t s  of a pure r e in fo rce r . "  
If t h i s  were t h e  case,  t hey  argued, t h e  behavior would be e n t i r e l y  under 
s t imulus con t ro l ,  and t h e  a f t e r e f f e c t s  of the preceding b r a i n  s t imulus would 
make up an important part of t he  SD f o r  t h e  d iscr imina ted  operant .  The r a p i d  
e x t i n c t i o n  would then  be explained by t h e  w e l l  known f a c t  t h a t  the e f f e c t s  of 



a st imulus f a l l  r a p i d l y  over t i m e  
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reg ion ,  Brady and Conrad (Brady, i958b; 1960; Brady and Conrad, i960a; 1960b) 
observed a d i s rup t ing  e f f e c t  on the  t iming behavior involved i n  a d r l  schedule.  
I n  one case,  they  arranged t h e  program s o  t h a t  m l y  t h e  first response after 
a 20-second pause would be reinforced.  
even tua l ly  spaced responses s o  that the requi red  20 seconds o f t en  e lapsed  
between them and t h u s  it obtained a reward f r equen t ly .  
days f o r  ESB reward, t h e  same monkey seemed unable t o  pause. 
w e r e  i n e f f i c i e n t l y  timed; about 100 responses  were requi red  f o r  each r e in fo rce  - 

after each reward. 

- 
A monkey working fgr  sugar pel le ts  

Working on a l t e r n a t e  
Its responses 

m f v l t ;  afid G-Sted 51;rst zf resF=nEeS, lasting for zb.s-& 1s min-utites, orc-u-reii 

Secondarv Reinforcement 

One experiment which involved "secondary reinforcement" was repor ted  by 
A food o r  sex reward no t  only motivates  behavior bu t  a l s o  i m -  S t e i n  (1958). 

parts motivat ing power t o  n e u t r a l  s t imul i  w i t h  which it becomes a s soc ia t ed .  
The dog comes t o  a whis t le  because t h i s  "secondary reinforcement" has been 
a s soc ia t ed  with some primary r e w a r d .  S t e i n  found t h a t ,  i n  similar fash ion ,  
a n e u t r a l  tone a s soc ia t ed  with an ESB reward s t imulus acquired r e in fo rc ing  
value f o r  t h e  rat; he speculated on the p o s s i b i l i t y  t h a t  t h e  p a i r i n g s  of 
tone and stimulus i n  some way empowered t h e  tone  t o  e l i c i t  a c t i v i t y  i n  t h e  
neu ra l  t i s s u e s  near  t h e  e l ec t rode  t ip .  

Cgmparison Techniques 

The obs t ruc t ion  box experiment is normally used t o  compare t h e  i n t e n s i t y  
o f  d i f f e r e n t  p g s i t i v e  r e i n f o r c e r s  by matching them aga ins t  a measurable nega- 
t i v e  reinforcement .  
quan t i f i ab le  f o o t  shock i n  order  t o  g e t  p o s i t i v e  reinforcement .  
where rats 
reward, an undeprived implanted animal took 60-pa of f o o t  shock f o r  a s t imulus 
of t w i c e  the threshold  value i n  t h e  medial  f o r e b r a i n  bundle,  and a 425-ua 
f o o t  shock f o r  a s t imulus o f  t e n  times t h e  threshold  i n  t h e  same system (Olds, 
1958e; Olds and S i n c l a i r ,  1957). 

The animal i s  required t o  c ross  a g r i d  which y i e l d s  a 
I n  a box 

unfed f o r  24 hours would t ake  a 60- t o  180-pa f o o t  shock f o r  food 

The obs t ruc t ion  box a l s o  provided one method f o r  comparing the d i f f e r e n t  
It i n t e n s i t i e s  of reinforcement produced by s t imu la t ion  a t  d i f f e r e n t  p l aces .  

was thought t h a t  even though a rat responded more slowly f o r  o l f a c t o r y - c o r t i c a l  
s t imu la t ion  than  f o r  MFB s t i m u l a t i o n ,  t he  former might be more r e in fo rc ing ;  
e . g . ,  it might have a long  enduring e f f e c t  which would slow t h e  animal down. 
I n  one experiment, a group o f  animals with o l f ac to ry -co r t i ca l  e l ec t rodes  was 
compared with a group wi th  electrodes i n  t h e  medial  f o r e b r a i n  bundle.  
sarne b r a i n  s t imulus i n t e n s i t y  w a s  used i n  both cases .  
t e n s i t y  of reinforcement,  as measured by g r i d  c ross ing ,  was d i r e c t l y  r e l a t e d  
t o  i n t e n s i t y ,  as measured by response ra te .  The MFB s t imul i  which showed 
g r e a t e r  i n t e n s i t y  by producing higher response rate a l s o  showed g r e a t e r  i n -  
t e n s i t y  by causing rats t o  t r a v e r s e  the g r e a t e r  shock obs t ruc t ion .  

The 
Within each group, i n -  

However, 
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t h e  most i n t ense  o l f ac to ry -co r t i ca l  reward placement produced lower response 
rates bu t  bet ter  g r i d  c ross ing  than  the least in t ense  MFB placements. 
it w a s  evident  t h a t  response rates, while u se fu l ,  were not  pe r f ec t  f o r  measur- 
i n g  reinforcement (Olds, 1958d; Olds and S i n c l a i r ,  1957). 

Thus 

A similar pqint, w a s  made i~ 2 series cr prefereCCe ezqerLceEts f ~ - n ~ - r  
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1961; Hodos and Valenstein,  1962; Ste in  and S e i f t e r ,  1961b).  I n  t h e  f i rs t  of 
these, advantage w a s  taken of t h e  f a c t  t h a t  a monkey may ba lk  or slow down i f  
a lesser reward is  offered a f t e r  a more in t ense  one (Tinklepaugh, 1928). T e s t -  
i n g  t h e  same animal, with the  rewarding b r a i n  s t imulus de l ivered  first t o  one 
area t h e n  t o  another ,  Brady (1961) var i ed  t h e  order  of t h e  po in t s  t e s t e d  from 
day t o  day. 
s t imu la t ion  a f te r  MFB s t imula t ion ,  a n t e r i o r  medial  f o r e b r a i n  bundle after pos- 
t e r i o r  MFB s t imu la t ion ,  and so f o r t h .  With t h i s  technique,  Brady worked out 
a h i e ra rchy  of s t r u c t u r e s  according t o  t h e  p o s i t i v e  o r  negat ive r e in fg rc ing  
value of s t imula t ion .  This hierarchy,  worked out  by comparison techniques on 
monkey, i s  remarkably similar t o  those worked out by operant techniques on c a t  
(Wilkinson, 1963) and rat (Olds and Olds,  1963). 

He found t h a t  t h e  animal would not  work f o r  o l f a c t o r y - c o r t i c a l  

I n  a more recent  s tudy,  H d o s  and Valenstein (1962) c r i t i c i z e d  response 
rates as a measure of t h e  re inforc ing  value of  s t imu la t ion  i n  d i f f e r e n t  b r a i n  
areas. They showed t h a t  i n  a choice t es t ,  i f  a m i l d  b r a i n  s t imulus i n  a pre- 
f e r r e d  area was compared with a s t rong  b r a i n  stimulus i n  a nonpreferred area, 
t h e  s t imulus producing the h ighes t  rate was not always t h e  p re fe r r ed  stimulus. 
H2wever ,  when t h e  same cur ren t  was used i n  a l l  t es t s ,  t h e  areas y ie ld ing  t h e  
grea tes t re inforcement  by rate and preference tests w e r e  t h e  same. The most 
i n t e r e s t i n g  outcome of t h i s  preference s tudy  had t o  do with h igh - in t ens i ty  
s t imula t ion :  Even when rates declined at  h igher  i n t e n s i t i e s ,  t h e  higher  i n -  
t e n s i t i e s  w e r e  u sua l ly  p re fe r r ed .  The f a c t  t h a t  response rate sometimes de- 
c l ined  as the i n t e n s i t y  of s t imula t ion  increased was borne out by o ther  s t u d i e s  
(Olds e t  a l . ,  1960; P o r t e r  e t  a l . ,  1958). 

Valenstein and Beer (1962) showed by o ther  techniques t h a t  when cur ren t  
w a s  so in tense  t h a t  increments i n  st imulus l e v e l  no longer  produced increments 
i n  se l f - s t imu la t ion  rate, the re  was s t i l l  evidence of g r e a t e r  incent ive  value 
i n  t h e  h igner  s t imulus l e v e l s .  The demonstration was made by showing t h a t  
animals would r i s k  more f o o t  shock o r  go t h i r s t y  longer  f o r  t h e  more in tense  
ESB incen t ive .  This happened even i n  cases  where cu r ren t  l e v e l s  were s o  high 
t h a t  t h e y  a c t u a l l y  produced decrements i n  se l f - s t imu la t ion  rate. 

Applying a choice technique, S t e in  (1961b) permi t ted  concurrent stimu- 
l a t i o n .  Animals with two pedals  could work them a l t e r n a t e l y  or i n  any order  
they  michg choose t o  stimulate two d i f f e r e n t  b r a i n  p o i n t s .  S t e i n  showed t h a t  
rats maintaining high rates on each e l ec t rode  separately could be made t o  work 
twice as hard t o  stimulate t h e  two concurrent ly .  For example, when presented  
d t h  lever A alone t o  stimulate e lec t rode  A, one rat  r e g u l a r l y  maintained a 
l5OO-rph rate. When of fered  at t h e  same t i m e  l e v e r  B t o  stimulate e l ec t rode  B, 
t he  rat maintained t h e  1500 rph  on A, and, by r ac ing  back and f o r t h ,  maintained 
a similar rate on lever B concurrenky.  Behavior at  one pedal  was o f t en  l a r g e -  
l y  independent of behavior a t  the  other ,  al though i n t e r e s t i n g  i n t e r a c t i o n s  w e r e  
shown i n  c e r t a i n  cases .  
cu r ren t  f o r  t h e  same rate than  that r equ i r ed  by a n t e r i o r  ones. 

P 2 s t e r i o r  po in t s  i n  t h e  MFB usua l ly  requi red  less 

I n  a s tudy  comparing d i f f e r e n t  dependent v a r i a l b e s ,  Deutsch and S t i f l e r  
( c i t e d  i n  Deutsch and Hmarth, 1963) repor ted  t h a t  by s p e c i a l  adjustment of 



vol tages ,  s t i m u l i  of d i f f e ren t  frequencies could be matched s o  t h a t  they  ap- 
peared equal ly  rewarding s o  far as preference t es t  i n  a T-maze wa.s cmcerned. 
When these  s t i m u l i  were then used separa te ly  t o  r e in fo rce  running behavior, 
they  no longer appeared equal ly  rewarding. 
i s  within t h e  range normally used for b ra in  s t imula t ion ,  and 2000 cps, which 
i s  outs ide  t h e  range o rd ina r i ly  used, and s o  high as t o  be considered r e l a t i v e l y  
i n e f f e c t i v e  by most authors  ( c f .  Ward, 1959b). 
quency stimulus could be adjusted s o  t h a t  it was even prefer red  i n  a choice 
experiment; but  it s t i l l  caused running speeds much slower than  those caused 
by t h e  "nonpreferred" st imulus of 60 cps.  C3mplicating t h e  problem of i n t e r -  
p r e t a t i o n  w a s  tine f a c t  t h a t  tine voitage of t h e  2000 cps st imulus could be i n -  
creased s t i l l  f u r t h e r  u n t i l  it caused running of equal r a p i d i t y  t o  t h a t  of t h e  
low-frequency stimulus.  The authors concluded t h a t  t h e  high-frequency stimulus 
accentuated reward aspec ts  (preference)  and the  low-frequency stimulus accentu- 
a t e d  d r ive  aspec ts  (speed) of two i n t e r d i g i t a t e d  systems. Because very in tense  
s t i m u l i  a r e  of ten  prefer red  even though they seem highly ambivalent o r  con- 
f l i c t e d  and therefore  cause s l o w e r  behavior (Hodos and Valenstein,  1962), and 
because, even i n  cases where very intense stimuli cause behavior t o  s l o w  down, 
f u r t h e r  increments may cause b e h a v i x  t o  acce le ra t e  again (Olds e t  a l . ,  1960),  
it does  not appear that the  difference i n  frequency i s  needed t o  expla in  t h e  
phenomena reported.  A m i l d  but purely rewarding s t imulus might be matched i n  
preference t e s t s  with an intense but conf l i c t ed  stimulus o r ig ina t ing  from the  
same e l ec t rodes ,  but the  l a t t e r  might cause slower approach behavior.  Further  
increments i n  i n t e n s i t y  might then t i p  the  balance toward pos i t i ve  r e in fo rce -  
ment and, again,  speed behavior. Even i f  t h e  l a t t e r  explanat ion w e r e  i n  some 
degree co r rec t ,  it does not seem impossible t h a t  s e l e c t i v e  pene t ra t ion  of 
p a r t i c u l a r  b ra in  systems by "resonant" st imulus configurat ions might p a r t i c i -  
pa te  i n  the  generat ion of t h e  observed e f f e c t s ,  as t h e  authors  suggest.  From 
t h e  d a t a ,  however, one might assume with equal  j u s t i f i c a t i o n  e i t h e r  t h a t  t h e  
low frequency stimulus s e l e c t i v e l y  engaged a "drive" (running speed) system, 
o r  t h a t  t h e  high-frequency stimulus s e l e c t i v e l y  a f f ec t ed  a "drive" (avers ive-  
and-sl3wing) system. 

The frequencies  were 60 cps, which 

The vol tage of t h e  higher f r e -  

S a t i a t i o n  Tests 

Another kind o f  t e s t  had t o  do with s a t i a t i o n  o r  endurance. Behavior 
motivated by b ra in  s t imula t ion  has  sometimes been sustained f o r  per iods  of 
more than  24 hours a t  a time. I n  long-run se l f - s t imu la t ion  t e s t s ,  it has 
been shown t h a t  animals with hypothalamic e lec t rodes  tended t o  respond t o  
t h e  po in t  of phys ica l  exhaustion (Olds, 1 9 5 8 ~ )  Animals with o l fac tory-  
cDr t i ca l  e lec t rodes ,  on t h e  other  hand, tended t o  become s a t i a t e d  long before  
they  reached the  poin t  of  phys ica l  exhaustion. 
e i t h e r  case i f  t h e  animals were not allowed t o  exceed one hour of se l f - s t imu-  
l a t i o n  da i ly .  

There was no s a t i a t i o n  i n  

Qual i ta t ive  Observation 

E l i c i t e d  e f f e c t s  observed by several  i nves t iga to r s  were thought t 2  i n -  
d i ca t e  pos i t i ve  reinforcement.  
c o r t i c a l  a r eas  of t h e  c a t ,  s t imulat ion induced by depos i t ing  c r y s t a l l i n e  ca r -  
bacol induced se i zu res  which subsided a f t e r  an hour o r  so .  During subsidience,  
''enhanced pleasure and grooming react ions"  were observed, and t h e  ca t  was "un- 
usua l ly  recept ive  t o  g e n i t a l  st imulation. ' '  Kopa, Szabo, and Grastyan ( . in 

MacLean (1957) reported t h a t  i n  o l fac tory-  
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p r e s s )  repor ted  ''a genera l  re lax ing  e f f e c t "  from s t imula t ion  i n  t h e  centrum 
medianum Df t h e  thalamus, and wcas iuna l  a c t i v a t i m  3f al imentary reflexes 
as w e l l .  

S tudies  with humans have made re ference  t o  t h e  p a t i e n t ' s  r e p o r t  of ex-  
~,t.r iellce T u u t  CL^C^^ 
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be a sc r ibed  t D  t he  nzwelty 3f the experience.  
(1960) repor ted  " fee l ing  of ease and r e l axa t ion ,  f e e l i n g  of j oy  with smil ing,  
and great s a t i s f a c t i o n . "  They spoke of " d e s i r e  f o r  repeated s t imula t ion ,"  
and experience "ranging f r o m  c u r i o s i t y  and funny t i c k l i n g  t o  r e l a x a t i o n  and 
pleasure." They allowed p a t i e n t s  t o  stimulate themselves by p res s ing  a 
b u t t m  and found t h a t  " i n  some regions they  l i k e  t o  keep the stimulus on f o r  
a prd-onged perid, o n l y  in te r rupted  by s h o r t  breaks.  I n  o ther  areas, t h e  
p a t i e n t s  seem t o  ge t  p leasure  by f requent ly  s t a r t i n g  and s topping the s t im-  

Sem-Jacobsen and Torkildson 

,Apds . (' 

"The most r ap id  rate of pressing and r e l e a s i n g  t h e  but ton,"  t h e  au thors  
reported,"was obtained when t h e  p a t i e n t  ' s l e v e l  of consciousness was a l t e r e d  
i n  connection with se l f - s t imu la t ion .  Frequent ly ,  as long as t h e y  w e r e  unre- 
spxsive and after discharges appeared i n  the record,  t hey  would p res s  and 
release the but ton  with a high r e p e t i t i o n  rate. Afterwards,  they  were unable 
t o  e x p l a i n  t h e  behavior.  W e  have never obtained any results similar t o  the 
r a p i d  rate o f  10 per second o r  more i n t o  which animals s t imu la t e  themselves." 
(It should be noted t h a t  animals r a r e l y  exceeded two or t h r e e  responses per 
second, and that t y p i c a l  rates with o l f a c t o r y - c o r t i c a l  e l ec t rodes  w e r e  of 
t h e  order  of one response every severa l  seconds.)  
d i c a t e d  that "from s t rong  pleasure areas we have found t h a t  t h e  p a t i e n t s  
s t i m u l a t e  themselves i n t o  a convulsion. 
s t age  these p a t i e n t s  were ly ing  relaxed, s m i l i n g  happi ly ,  cont ra ry  t o  t h e  
restless f i g h t i n g  f r equen t ly  observed i n  p a t i e n t s  after e l e c t r o n i c  treat-  
ment. " 

F i n a l l y  t h e  a u t h m s  i n -  

I n  the p o s t - i c t a l  (pos t  convulsive) 

Neuro-Psychological I n t e r a c t i o n s  

Arousal  

The poss ib le  r e l a t i o n  of the arousa l  system of Magoun (1950) t o  psycholog- 
i c a l  mechanisms of d r ive  has been, from t h e  beginning, a matter of considerable  
conjec ture .  The p o s t u l a t i o n  of a general  emotional v a r i a b l e  whose rise, fa l l ,  
o r  s teady  states c o n t r o l  reinforcement mechanisms is  a common p rope r ty  of 
otherwise divergent  psychological  t h e o r i e s .  
emotional s t a t e  c o n s t i t u t e s  negative reinforcement ,  and t h a t  i t s  abrupt  dec l ine  
c o n s t i t u t e s  p o s i t i v e  reinforcement.  Hebb (1955) suggested in s t ead  t h a t  a state 
of  mild emotion f o s t e r s  organized behavior and t h a t  t h e  absence of emotion o r  
extreme emotion i s  de t r imenta l  t o  t h i s  state of organiza t ion .  The la t ter  
no t ion  was ext rapola ted  t o  the view t h a t  mild emotion c o n s t i t u t e s  p o s i t i v e  re- 
i n f  orcement, and t h a t  s t rong  emotion c o n s t i t u t e s  negat ive reinforcement 
(Sharp less ,  1958). 
vide a phys io logica l  s u b s t r a t e  f o r  a genera l  emotional mechanism and thereby  
added credence t o  t h e o r i e s  of th i s  type ( c f .  Lindsley,  1951). Schlosberg 
(1954), on the o ther  hand, objected t h a t  t h e  dimension running from sleep 
through a le r t  a t t e n t i o n  t o  extreme t ens ion  which appears t o  be under r e t i c u l a r  

H u l l  (1943) proposed t h a t  a high 

Magmn's r e t i c u l a r  a c t i v a t i n g  system (RAS) seemed t o  pro-  



c o n t r o l  i s  but  me dimension of emotional experience.  A s  another  dimension 
he mentioned pleasure-pain,  which might be under con t ro l  of d i f f e r e n t  physio- 
l o g i c a l  mechanisms. 

It i s  easy t o  see how t h i s  argument l e d  t o  a s tudy of phys io logica l  and 
anatomical r e l a t i o n s  as soon as b ra in  po in t s  y i e ld ing  p o s i t i v e  and negat ive re -  
inforcement were uncovered. 
might i n h i b i t  it. The Hebbian theory suggested t h a t  low l e v e l  s t imu la t ion  of 
an  a r o u s a l  system might cause pos i t i ve  reinforcement and high level s t imu la t ion  
n e g a t i w  reinforcement.  
d id  no t  suppxt  e i t h e r  of t hese  views b u t  suggested in s t ead  that three d i f f e r e n t  
systems might ex is t  i n  t h e  midbrain: 
nega t ive  reinforcement and c o r t i c a l  a r o u s a l  at  a l l  suprathreshold e l e c t r i c  
cu r ren t  levels; (2)  a system producing p o s i t i v e  reinforcement a t  a l l  cu r ren t  
i e v e i s ,  but r e q u i r i n g  in tense  s t imuia t ion  t o  produce c o r t i c a l  a rousa l ;  and ( j j  
p o s s i b l y  a s m a l l  area which yielded n e u t r a l  a rousa l  wi th  no p o s i t i v e  or  nega- 
t i v e  mot iva t iona l  e f f e c t s .  Confusing t h e  i s sue ,  however, was t h e  f a c t  t h a t  
near  t o  the n e u t r a l  p o i n t s  there were a l s o  p o i n t s  which y i e lded  p o s i t i v e  and 
negat ive reinforcement simultaneously: i f  t hese  w e r e  p e r f e c t l y  balanced at 
some p o i n t s ,  one might g e t  t h e  appearance of  n e u t r a l  a rousa l .  

The Hullion theory suggested t h a t  an  a r o u s a l  system 

~xper i r r?ents  ( G l i c h a n ,  1360; CIMS and Pe re t z ,  1950) 
(1) a system where s t imu la t ion  caused 

Two poss ib i l i t es  the re fo re  remained. The most l i k e l y  was t h a t  t h r e e  
d i f f e r e n t  phys io logica l  &strates e x i s t :  One where s t imu la t ion  evokes p o s i t i v e  
reinforcement ,  one where it evokes negat ive reinforcement,  and a t h i r d  where it 
evokes phys io logica l  arousal. The a l t e r n a t i v e  s t i l l  e x i s t e d ,  however, t h a t  no 
area y i e l d i n g  n e u t r a l  a r o u s a l  e x i s t s  -- t h a t  a l l  emotion-provoking b ra in - s t imu l i  
and a l l  phys io logica l  s u b s t r a t e s  were i n t r i n s i c a l l y  e i t h e r  p o s i t i v e  or negat ive 
i n  emotional tone .  

A r r e  s t 

Hunter and Jasper (1949) s tudied p e t i t  m a l  - i . e .  t h e  ces sa t ion  of behavior 
and momentary loss o f  consciousness which appears i n  mild ep i l epsy .  They found 
that  s t imu la t ing  c e r t a i n  b r a i n  poin ts  caused s i m i l a r  episodes o f  "arrest" i n  
animals .  These r e a c t i m s  have f o r  var ious  reasons seemed poss ib ly  re la ted t o  
t h e  r e i n f o r c i n g  mechanisms. F i r s t ,  i n  maze experiments (Olds,  1956b) where 
p o s i t i v e  reinforcement was produced by a p p l i c a t i o n  of s t imu la t ion  t o  some 01- 
f a c t o r y - c o r t i c a l  s t r u c t u r e s ,  it was observed t h a t  a p p l i c a t i o n  of t h e  r e i n f o r c -  
i n g  stimulus i n  mid-maze caused an  abrupt  pause.  The animal stopped i n  midbe- 
havior  f o r  a v a r i a b l e  i n t e r v a l ,  depending on t h e  s i t e  of s t imu la t ion .  It w a s  
first thought t h a t  some c o r r e l a t i o n  of arrest and reinforcement might ex is t ,  
bu t  upon ana lys i s  it w a s  found that t h e  anatomical p o i n t s  of l onges t  arrest 
were a l s o  po in t s  of least reinforcement.  Later it w a s  found t h a t  s t imu la t ion  
i n  t h e  p o s t e r i o r  focus  caused no arrest at a l l .  

Por t e r  e t  a l .  (1959) a l s o  not iced the arrest phenomenon i n  conjunct ion 
with se l f - s t imu la t ion  i n  an  o l f ac to ry  area of t h e  thalamus which y ie lded  mild 
p o s i t i v e  reinfcrcement . I n  t h i s  case, after discharges i n  o l f a c t o r y - c g r t i c a l  
areas accompanied s e l f - s t i m u l a t i o n  and these  were always accompanied by t h e  
p e t i t  m a l  - l i ke  arrest r e a c t  ion .  

Many commentators have r e f e r r e d  t o  t h e  autogenic se i zu res ;  t h e s e  are p e t i t  
m a l  states which c e r t a i n  e p i l e p t i c  p a t i e n t s  b r i n g  on themselves,  seemingly on 
purpose (Bickford,  1953) It has been suggested t h a t  t h i s  a s s o c i a t i o n  of 
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p e t i t  mal- l ike states w i t h  s e l f - s t imu la t ion  i s  an  i n t r i n s i c  r a t h e r  t han  a n  
a c c i d e n t a l  c o r r e l a t i o n  (Morrel l ,  1961; Mielson e t  a l . ,  1958; Porter e t  a l . ,  
1959). 
p l easan t  (Mwrel l ,  1961), o r  t h a t  it p r w o k e s  automatic response r e p e t i t i o n  
smehow r e l a t e d  t o  a re t rograde  amnesia (Nielson e t  a l . ,  1958j. 

S2metimes it i s  suggested t h a t  t h e  pe t i t  m a l  s tate is r e l ax ing  o r  

Cmsider ing  the  l a r g e  amount of s e l f - s t i m u l a t i o n  t h a t  occurs without 
arrest o r  s e i zu res  and t h e  m u l t i p l i c i t y  of phenomena t h a t  appear under t h e  
se l f - s t imu la t ion  l a b e l  ( c f .  p.12, Dependent Var iab les ) ,  it appears w i s e  t o  
t ake  a very broad view. Se l f - s t imula t ion  can occur with o r  without s e i zu res ;  
and se i zu res  may be p o s i t i v e  o r  negative i n  emotional aura ,  depending prob- 
a b l y  on anatomical l x u s  of t h e  f o c a l  l e s i o n .  Occasionally,  self  - s t i m u l a t i m  
may be d i r e c t e d  toward a " forge t t ing  of pains" i n t r i n s i c  t o  spreading se i zu res  
genera l ly ,  bu t  t h i s  is c e r t a i n l y  not u s u a l .  

Percept ion 

Perhaps t h e  b e s t  answer t o  the s e i z u r e  quest ion i s  t h e  demonstration by 
Beer and Valenstein (1960) t h a t  t h e  animal can be alert  and a t t e n t i v e  during 
self - s t imula t ion .  These i n v e s t i g a t x s  e s t ab l i shed  hypothalamic self - s t i m u -  
l a t i o n  behavior i n  hungry animals which had previous ly  been t r a i n e d  t o  d i s -  
cr iminate  between two tones ,  one of which s igna led  the a v a i l a b i l i t y  of food. 
The tones  w e r e  then  presented  f o r  discr iminat ion during t h e  a c t u a l  b r a i n  s t i -  
mulation i n t e r v a l  of t h e  se l f - s t imu la t ion  t e s t .  The tones  s t a r t e d  after t h e  
onset  and terminated before t h e  end of t h e  r e in fo rc ing  stimulus t r a i n .  Even 
under these  condi t ions ,  animals discr iminated t h e  tones  w e l l  and stopped t o  
eat when t h e  food-re la ted  tone appeared. 

Learning 

While percept ion  occurred during hypothalamic self  - s t imula t ion ,  it was 
not  at  a l l  c l e a r  whether some confusion of l ea rn ing  o r  a s s o c i a t i v e  mechanisms 
d id  not  occur, a t  least with t h e  se l f - s t imu la t ion  e l ec t rode  i n  c e r t a i n  areas. 
Maze experiments f i rs t  ind ica ted  t h a t  while rats moved faster f o r  a v e n t r a l  
t e l encepha l i c  reward, t hey  s t i l l  learned more slowly than  if  t h e  reward w e r e  
food. S2me confusion f r o m  t h e  b ra in  s t imulus was suspected (Olds, 1956b). 

S t e i n  and Hearst (1958) demonstrated qu i t e  c l e a r l y  t h a t  t h e  rewarding 
b r a i n  s t imulus i n  some o l f ac to ry -co r t i ca l ,  olfactory-midbrain boundary areas 
h.ad a Severely r e t a r d i n g  e f f e c t  on acqu i s i t i on  of a d iscr imina t ion  h a b i t  i f  
presented  during i n s t e a d  of a f t e r  completion of l ea rn ing .  
a hungry animal got  food by press ing  one of two levers. Auditory s t imulus 
A - s igna led  a v a i l a b i l i t y  of food at  the l e f t  lever; aud i to ry  stimulus B - s i g -  
naled f m d  a t  t h e  r i g h t  l e v e r .  
l a t i o n  accompanied t h e  onset  of one o f  t h e  two s t i m u l i  (A f o r  one rat ,  B f o r  
ano the r ) .  
s t imulus which w a s  accompanied by the rewarding ESB. About 75 t r ia l s  suf- 
f i c e d  f o r  p e r f e c t  responding when t h e  ESB was withheld.  A f t e r  250 t r ia l s ,  
responding was s t i l l  far from per fec t  when t h e  ESB accompanied t h e  aud i to ry  
stimulus . 

I n  t h i s  experiment, 

For d i f f e r e n t  rats, rewarding b r a i n  stimu- 

I n  each case,  t h e  animal learned  far more sloGly t o  respond 70 t h e  

I n  another  s tudy  (Olds and Olds, 1961), a wide sampling of b r a i n  po in t s  
was t e s t e d  f o r  d i s rup t ing  e f f e c t s  of ESB on a d iscr imina t ion  r e v e r s a l  prob- 
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l e m .  I n  t h i s  case,  after extensive p re t r a in ing ,  t h e  animal would l e a r n  and 
r e l e a r n  approximately t h e  same prdjlem day a f t e r  day i n  p r a c t i c a l l y  the  same 
number of t r ials.  

second t r a i n s  every 3 seconds a l l  during the  t e s t  p r x e d u r e .  
hypchhalamus and rhinencephal ic  s t ruc tu res  caused d i  srilpt.i_on. 
n e o c x t e x ,  primary sensory systems and many tegmental  areas d id  no t .  This 
l e d  t o  a suppos i t ion  t h a t  d i s rupt ion  w a s  co r re l a t ed  with rewarding e f f e c t s  
of e l e c t r i c  s t imula t ion .  The supposi t ion was confirmed by implanting rats 
with e l ec t rode  p a i r s  i n  t h e  lateral  hypothalamic se l f - s t imu la t ion  areas and i n  
t h e  dorsomediai tegmental  escape areas .  Af t e r  pretests  t o  confirm e l i c i t a t i o n  
of strong emotional responses ,  each animal 
during s t imu la t ion  of one e l c t m d e  p a i r ,  then  f o r  l ea rn ing  during s t imu la t ion  
of t h e  o ther .  In a l l  cases ,  animals learned quickly under t h e  negat ive r e i n -  
f o r c i n g  s t imula t ion ;  l ea rn ing  was t o t a l l y  d is rupted  by s t imu la t ion  at the re- 
warding p o i n t .  

Fo,od reward was given on a contingent b a s i s  af ter  t h e  cor-  
r e c t  response.  Brain s t imu la t ion  was given on an  uncmt ingen t  b a s i s  i n  7- 1 

St imulat ion i n  
St hi-1.la.t isr! ir! 

was t e s t e d  f o r  learn ing;  first,  

It has been suggested t h a t  these f ind ings  have more t o  do wi th  t h e  r e i n -  
f o r c i n g  p r o p e r t i e s  of t h e  s t imulus than  with any d i r e c t  r e l a t i o n  of t h e  b r a i n  
pDints t o  associative mechanisms. In a s tandard reinforcement experiment, re- 
ward w a s  appl ied  m a cont ingent  bas i s .  If t h e  animal makes t h e  co r rec t  re- 
sponse, t h e  reward x c u r r e s ;  otherwise, it does no t .  I n  such a case,  t h e  re- 
ward f o s t e r e d  co r rec t  performance. 
during problem so lv ing  had a l e s s  c e r t a i n  s t a t u s .  Severa l  experiments (Bush, 
and M2steller, 1955) have shown tha t  a d i s t r i b u t i o n  of reinforcements on t h e  
basis of some r a t i o n  between t h e  wrong and t h e  r i g h t  response eventua l ly  caused 
a similar d i s t r i b u t i o n  of responses. 
sona l  communication) t h a t  t h i s  might be spoken of as p a r t i a l  reinforcement of 
t h e  wrong response,  and t h a t  t h i s  p r inc ip l e  applies t o  t h e  cases  where l e a r n -  
i n g  seems t o  be i n h i b i t e d  by a rewarding s t imulus.  
p o s i t i v e  reinforcement of b r a i n  s t imula t ion  f o r  bo th  r i g h t  and wrong responses 
with t h e  a d d i t i o n a l  reward of food f o r  t h e  r i g h t  response.  
ward of t h e  wrong response perhaps d i d  account f o r  t h e  an imal ' s  fa i lure  t o  e l i -  
minate t h e  e r r o r  from t h e i r  reper tory .  

Reward appl ied  on an  uncontingent basis 

It has been suggested (H.F. Harlow, per -  

The animals received t h e  

This  partial re- 

The poss ib l e  Dbjections t o  t h i s  simple explana t ion  a l s o  need t o  be voiced. 
F i r s t ,  such an  explana t ion  ce r t a in ly  could not  be appl ied  t o  r ecen t  r e p o r t s  of 
impairment of d i scr imina t ion  learning by l e s ions  i n  some of t h e  same s e l f -  
s t imu la t ion  areas (Thompson, 1960). Second, it i s  i n t e r e s t i n g ,  i f  partial 
reward of wrong responses caused impairment, t h a t  p a r t i a l  punishment of r i g h t  
responses by dorsomedial tegmental  s t imu la t ion  caused no similar impairment. 
Third,  t h i s  explana t ion  does not  account f o r  t he  faster running b u t  slower 
l ea rn ing  of t h e  e a r l y  maze experiments ( O l d s ,  1956b), nor f o r  t h e  confusion 
caused i n  t h e  S t e i n  and Hearst (1958) experiment where t h e  wrong response was 
not  re inforced  at  a l l .  These arguments tempt one t o  suppose t h a t  some real  
confusion of a s s o c i a t i o n a l  processes occurred as a r e s u l t  of excessive s t i m -  
u l a t i o n  i n  r e in fo rc ing  areas. 

It i s  perhaps poss ib l e  t o  b r i n g  t h e  two l i n e s  of explana t ion  toge the r  by 
arguing f i rs t  t h a t  uncontingent o r  excessive e s c i t a t i o n  of p o s i t i v e  emotional 
mechanisms of t h e  b r a i n  had a far mre disorganiz ing  e f f e c t  on choice behavior 
than  similar e x c i t a t i o n  of negative emotional mechanisms. On t h e  o ther  hand, 
t h e  same p o s i t i v e  stimulus apFl ied  on a normal and cont ingent  b a s i s  caused 
maze l ea rn ing ,  as ind ica t ed  e a r l i e r ;  t h u s  it can cause organiza t ion  of asso-  
c i a t i v e  processes .  From t h e s e  two po in t s  it i s  perhaps not  t o o  g r e a t  a leap 
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of thought t o  suppose t h a t  t h e  pos i t i ve - r e in fo rc ing  mechanisms have far more 
cmtr3l over tzhe a s s w i a t i v e  processes t h a t  guide behavior a t  a choice p s i n t  
t han  t h e  negat ive ones. 

S ? r i a I  I n t e r a c t i o n  

B i g a d o  (1963) introduced b ra in  s t imu la t ion  i n t o  a monkey colony. O f  
p a r t i c u l a r  i n t e r e s t  was a taming and p x s i b l y  r e in fo rc ing  s t imu la t ion  of t h e  
dominant m a l e .  
d r ink ing  and aggressive responses but no similar diminution of "nest l ing" 
w i t h  a p a r t n e r .  
t o  handle.  
o the r  monkeys i n  t h e  colony learned t o  press a l e v e r  t o  tame t h e  dominant m a l e .  
Response rates f o r  t h e  animal t h a t  learned increased  from 12 t o  24 per day on 
days 2,3 and 4 of "acquis i t ion"  when each response caused a 5-second rad io-  
s t imu la t ion  of t h e  dominant m a l e .  But on s i x  "ex t inc t ion"  days when t h e  same 
response d id  not cause any s t imula t ion  the  rate f e l l  t o  9 on t h e  f irst  day 
and t:, 8 or  lower 3n t h e  remaining days. 

The s t imu la t ion  p r d u c e d  a diminution or  ces sa t ion  of e a t i n g ,  

It a l s o  tamed the animal making him easier f o r  the experimenter 
I n  a "heterostimulation" tes t  it appeared t h a t  one of t he  t h r e e  

The E l e c t r i c  Stimulus 

While t h e  t e c h n i c a l  problems o f  e l e c t r i c  s t imu la t ion  are i n t e r e s t i n g ,  
it i s  now c l e a r  f rm  t h e  work D f  Ward (1959b) 
h i s  col leagues ( M i l l e r  e t  a l . ,  1961) t h a t  f o r  s e l f - s t i m u l a t i o n  experiments 
d e t a i l s  of pu lse  shape and frequency, once deemed important ( L i l l y  e t  a l . ,  
1955), are r e l a t i v e l y  unimportant.  

Keesey (1962), and M i l l e r  and 

Direc t  cu r ren t  s t imu la t ion  causes i n j u r y  t o  t i s s u e s .  It i s  most i n j u r i -  
3us i f  given continuously f o r  severa l  seconds, i n  which case it makes a major 
e l e c t r d y t i c  l e s i o n  after me app l i ca t ion .  Even i f  given i n  one mi l l i second 
pu l ses  separa ted  by 10 t o  1-5 mil l iseconds,  it produces cumulative in ju ry .  If, 
h5wever, x d i n a r y  a l t e r n a t i n g  current ,  :,r any s p e c i a l  p 3 s i t i v e  and then nega- 
t i v e  pulse  series, i s  used, cumulative i n j u r y  does not  occur wi th in  the  range 
of parameters employed i n  the  experiments repor ted  here  (Miller e t  a l . ,  1961). 
When such a series of pu lses  i s  used, each s t imu la t ion  is  composed of a t r a i n  
of pu l se s .  Each pulse  i n  t h e  s e r i e s  has  an i n t e n s i t y  and a dura t ion ;  bes ides  
t h i s ,  t h e  whole t r a i n  has a longer  dura t ion  and a r e p e t i t i m  rate of pu lses  
which we speak of as a frequency. A s  far as t h e  ind iv idua l  pu lses  are con- 
cerned, it appears t h a t  w i th in  t h e  range normally used t h e  peak i n t e n s i t y ,  
which i s  best measured i n  m i l l i -  or  microamperes, is  more important than  t h e  
du ra t ion  of these pulses  i n  determining the  ex ten t  of t h e  e f f e c t  i n  t h e  b r a i n  
(Ward, 195913). 
qu i t e  important,  even though t h e  durat ion o f  each pu l se  i n  t h e  t r a i n  i s  rela- 
t i v e l y  unimportant; apparent ly  longer t r a i n s  provide more s t imu la t ion  than  
s h o r t  ones because they  pr9vi.de more pulses (Ward, 1959b). When spoken of 
as frequency, t he  pulse  r e p e t i t i o n  rate conjures n3t ions  of resonance i n  most 
brain-and-behavior i n v e s t i g a t o r s ;  hDwever, evidence of p a r t i c u l a r  optimal f re -  
quencies has not been found. Pulse r e p e t i t i o n  rate i s  important i n  t h e  sense 
t h a t  a faster rate y i e l d s  more pulses  f o r  the same t r a i n  dura t ion .  It i s  a l s o  
c l e a r  t h a t  t h e r e  are r e p e t i t i o n  r a t e s  s o  fast as t o  be r e l a t i v e l y  i n e f f e c t i v e ,  
probably because of the t i m e  involved i n  t h e  neuron recovery cyc le .  Frequen- 

On t h e  o ther  hand, t he  dura t ion  of t h e  t r a i n  of pu lses  i s  
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c i e s  up t o  5000 pulses  per  sec (pps) have been shown t o  be e f f e c t i v e  ( B r m n  and 
C2hen, 1959); a t  t h e  gther  extreme i s  t h e  unusual case of s ing le  pulse  rewards 
zJf several m i l l i s e c m d s  durat ion,  which have a l s o  been found t o  be e f f e c t i v e  
(Olds and Tul lsen,  unpublished).  Hgwever, there  i s  a sharp drop i n  e f f i cacy  
a t  t h e  upper end of t h e  spectrum between 300 and 1000 pps, and a t  t he  lower 
end sDmewhere below 10 pps.  Thus, s ingle  pulses  and frequencies  of 2000 pps 

of optimal f requencies  i n  the  40-200 pps range when s ine  wave s t imu la t ion  
was used. 

ai-e Teiativeiy inef fec t i t -e .  Wud {~y~gb) f 7 nr fo-iild t h a t  t h e r e  i,=s a wide range 

I n t e r e s t i n g  f ind ings  have emerged from studies  concerned with the  "amount 
of s t imula t ion , i i  which is  mainly the i n t e n s i t y  of the  st imulus measured i n  
microamperes o r  t h e  d u r a t i o n  of t h e  t r a i n  measured i n  seconds or f r a c t i o n s  
the reo f .  Increments i n  the  st imulus caused by adding t o  t h e  e l e c t r i c  cur ren t  
might be expected t o  have d i f f e r e n t  e f f e c t s  from increments caused by adding 
t o  t h e  dura t ion  of t he  t r a i n s ,  a s  one would expand the  st imulus f i e l d  i n  the  
b r a i n  and the  other  would increase the  durat ion of e x c i t a t i o n  i n  the  same 
f i e l d .  

S tudies  involving changes i n  e l e c t r i c  cur ren t  l e v e l s  have r egu la r ly  shown 
c lear -cu t  th resholds  and a v a r i e t y  of func t iona l  r e l a t i o n s  as cur ren t  w a s  i n -  
creased beyond threshold  l e v e l s  ( O l d s  e t  a l . ,  1960; Reynolds, 1958; Sidman e t  
a l . ,  1955).  
mented by each increase  i n  e l e c t r i c  cur ren t ,  up t o  the  poin t  of maximum pos- 
s i b l e  rate, and then  no dec l ine  was observed even when increases  were made up 
t o  16-times threshold (Olds e t  a l . ,  1960). With other  e lec t rodes  i n  some 01- 
f a c t o r y - c o r t i c a l  pathways, responding never rose  above t h e  l o w  l e v e l s  which 
appeared at  threshold;  t h e  same r a t e s  appeared a t  threshold  and a t  16-times 
threshold .  
b r a i n  pathways), response r a t e s  were  augmented by stimulus increases  up t o  
some cur ren t  l e v e l ;  further increases caused response rates t o  decl ine more 
o r  less s t e a d i l y  (Reynolds, 1958). In  other  cases ( see  F ig .  3 ) ,  t h e  decl ine 
w a s  not steady; response r a t e  showed a s e r i e s  of rises and f a l l s  as cur ren t  
was increased (Olds e t  a l . ,  1960). I n  both cases ,  t h e  optimal cur ren t  l e v e l  
was r e l a t i v e l y  s t a b l e  f o r  a given electrode placement, and the  response rate 
f o r  any given cur ren t  l e v e l  w a s  s t a b l e .  I n  preference and other  comparison 
s tud ie s  ( H o b s  and Valenstein,  1962; Valenstein and Beer, 1962), it was de- 
monstrated t h a t  animals of ten  preferred t h e  higher  i n t e n s i t i e s  even when they  
responded equal ly  or more slowly f o r  them. One experiment with se l f - regula-  
t o r y  cur ren t  l e v e l s ,  however, showed t h a t  animals with pos t e r io r  hypothalamic 
e l ec t rodes  o f t en  p re fe r r ed  less than m a x i m a l  cur ren t  l e v e l s ,  whereas animals 
with o l f a c t x y - c o r t i c a l  e l ec t rodes  often p re fe r r ed  t h e  m a x i m a l  cur ren t  l e v e l s ,  
l e v e l s  which r egu la r ly  produced seizures (S te in  and Ray, 1959). Even with 
the  pos t e r io r  hypothalamic electrodes,  where preference w a s  f o r  less than 
maximal s t imulus i n t e n s i t i e s ,  t he  current l e v e l s  p re fe r r ed  were very high, 
much higher  than  an experimenter wmld normally use.  

With e l ec t rodes  i n  some MFB loca t ions ,  response r a t e  w a s  aug- 

With e l ec t rodes  i n  hypothalamic nuc le i  (between the  olfacto-mid- 
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Figure 3. E l e c t r i c  cur ren t  func t ions  i n  self-  
s t imu la t ion .  With e lec t rodes  i n  t h e  f x a l  area 
j s 2 l i d  i i n e j  increments i n  cu r ren t  c,ften prociu- 
ced r egu la r  increments i n  se l f - s t imu la t ion  rate 
up t o  a m a x i m u m  poss ib le  r e s p m s e  l e v e l .  Fur ther  
i nc reases  i n  cu r ren t  d i d  not  cause any f u r t h e r  
changes i n  rate. With probes i n  o ther  areas (e .g .  
between the two f o c a l  areas) some increments i n  
t h e  stimulus caused increments i n  rate, further 
rises i n  t h e  st imulus level  o f t e n  caused rate t o  
dec l ine .  But w i t h  t h e  cu r ren t  set  a t  s t i l l  high- 
ei- levels  the rates S t e n  agaki .  

The work of  Nielson e t  a l . ,  (1962) ind ica t ed  t h a t  an ESB de l ivered  t o  
any t e s t e d  b r a i n  area provided a d i s t i n c t i v e  cue t o  t h e  animal, r ega rd le s s  
o f  i t s  o ther  e f f e c t s .  
s u b s t r a t e s ,  t h re sho lds  f o r  t h i s  cue func t ion  were r e g u l a r l y  lower than  th re sho lds  
f o r  s e l f - s t imu la t ion .  Thus, animals showed by d iscr imina t ive  behavior t h a t  
t hey  could de t ec t  cu r ren t  levels which were too l o w  t o  maintain s t a b l e  s e l f -  
s t imu la t ion  behavior.  
t i o n  was a l s o  demonstrable a t  l eve l s  above t h e  se l f - s t imu la t ion  threshold ;  
t hey  d i d  t h i s  by showing t h a t  a rewarding ESB could be used as t h e  condi- 
t i o n a l  stimulus f or  an avoidance response. 

Campbell (1963) showed t h a t  with e l ec t rodes  i n  reward 

Morgenson and Morrison (1962) found t h a t  t h e  cue func-  

The problem of determining thresholds  of self - s t imula t ion  has  been d i s  - 
cussed by Valenstein ( i n  press, 1964). 
had drawbacks. One was successive presenta t ion  of cu r ren t  l e v e l s  i n  a ris- 
ing  series (Olds e t  a l . ,  1960; Olds and Olds, 1963); 
Valens te in  pointed out ,  t h e  animal might respond a n t i c i p a t o r i l y  t o  t h e  cue 
p r o p e r t i e s  of t he  ESB before the  reward th re sho ld  w a s  a c t u a l l y  crossed.  I n  
another  case,  t he re  w a s  random presen ta t ion  of d i f f e r e n t  cu r ren t  levels 
(Valenstein,  i n  press, 1964); here the e f f e c t  of Crespi (1942) c rea t ed  a 
problem, i . e . ,  animals responded more poor ly  t o  a low but  suprathreshold 
ESB i f  it followed a h igher  and more p r e f e r r e d  ESB. 
self - regula t ion ,  animals w e r e  t r a ined  t o  i n d i c a t e  a "threshold" l e v e l  by 
t h e i r  own responses ( S t e i n  and Ray, 1960). The e l e c t r i c  s t imulus was s t a r t e d  
at a predetermined "maximum" l e v e l ;  each response caused a b r i e f  ESB and a l s o  
caused t h e  stimulus t o  be reduced by one step. By s l i g h t  add i t iona  e f f o r t ,  
the animal could, a t  any p o i n t ,  p ress  a reset lever which s t a r t e d  t h e  cycle  
aga in  with cu r ren t  a t  the  pref ixed  maximum. The s t imulus value a t  t h e  t i m e  
of reset was taken as Yhreshold ."  This value w a s  qu i t e  s t a b l e  over time f o r  
a given e l ec t rode  placement, and was a dependable func t ion  of pharmacological 
v a r i a b l e s .  However, even though s t a b l e  values  were achieved by t h i s  method, 
it i s  not  a t  a l l  c l e a r  that these  were threshold  va lues .  The animal preferr- 
i n g  high i n t e n s i t y  s t imu la t ion  might e a s i l y  have reset long before  ESB w a s  
reduced t c ,  t h e  threshold  l e v e l .  

Three methods have been used; each 

i n  t h i s  case,  as 

I n  an experiment wi th  
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Thresholds have been used mainly as an  a l t e r n a t i v e  t o  response rates i n  
a s ses s ing  the r e in fo rc ing  power of ESB i n  d i f f e r e n t  b r a i n  areas and under d i f -  
f e r e n t  drug and dr ive  states. For these  purposes,  bo th  t h e  order ly  presenta- 
t i m  gf incremental  series and the s e l f  -adjustment technique have provided 
r e l a t i v e l y  s a t i s f a c t o r y  t o o l s  because i n  a given experiment t h e  same method 
w a s  used i n  a l l  cases .  

The problem of t r a i n  dura t ion  and t h e  frequent  r e p e t i t i o n  of t r a i n s  has  
rece ived  pre l iminary  s tudy  (Olds, 1 9 6 O b ;  R o b e r t s ,  1958b; S t e i n ,  1962a; Valen- 
s t e i n  and Meyers, l s 4 ) .  S t e i n  (1962a) showed t h a t  wit'n p o s t e r i o r  e l ec t rodes  
i n  or near  t h e  olfactory-midbrain pathway, animals u sua l ly  s e l e c t e d  very b r i e f  
t r a i n s  of cons iderably  less than  1 second. When e l ec t rodes  w e r e  p laced  i n  
o l f a c t o r y - c o r t i c a l  pathways, t r a i n s  of 1 t o  9 seconds were se l ec t ed .  With 
e l e c t r o d e s  i n  c ingu la t e  co r t ex ,  t r a i n s  of i n d e f i n i t e  dura t ion  were s e l e c t e d  
(unpublished observat ion)  . RDberts (195%) showed t h a t  very long ESB's (3  
minutes) were sometimes avers ive  with e l e c t r o d e s  i n  t h e  p o s t e r i o r  part of 
t h e  d f a c t x y - m i d b r a i n  pathway while s h o r t  (0 .5  second) t r a i n s  produced pos i -  
t i v e  reinforcement.  With o ther  e l ec t rodes  i n  approximately t h e  same reg ion ,  
even 3-minute t r a i n s  produced pos i t i ve  reinforcement.  I n  a similar s tudy,  
Valens te in  and Meyers (1964) showed that animals wi th  o l f a c t o r y - c o r t i c a l  
e l e c t r o d e s  took more s t imu la t ion  when i n t e r v a l s  of 1 . 5  seconds or  more i n t e r -  
vened between t r a i n s .  Animals with e l e c t r o d e s  i n  olfactory-midbrain pathways 
sometimes took continuous s t imulat ion.  Two o ther  s t u d i e s  have suggested t h a t  
two f r equen t  r e p e t i t i o n  of pulses i n  o l f a c t o r y - c o r t i c a l  areas might have ne- 
g a t i v e  e f f e c t s .  Asdourian (1962) performed an experiment i n  which a glucose 
s o l u t i o n  was adminis tered v i a  a dr inking tube. When each contac t  wi th  the 
dr inking  tube was a l s o  r e in fo rced  by "pos i t ive"  s t imu la t ion  i n  o l f ac to ry -  
c o r t i c a l  pathways, t h e  amount of glucose consumed was  reduced. Valens te in  
( i n  p r e s s ,  1964) s i m i l a r l y  r e p o r t e d  that  when a rat responding r a p i d l y  on 
a r a t i o  schedule f o r  food reward was given one o l f a c t o r y - c o r t i c a l  ESB af ter  
each response,  t h e  response rate was slowed. H e  a l s o  showed t h a t  a rat res- 
ponding r e g u l a r l y  f o r  t h e  ESB was slowed when some responses w e r e  a l s o  re-  
in fo rced  with fDod; he thought t h i s  might be due t o  t h e  t i m e  spent  e a t i n g .  
I n  another  experiment, a v a r i e t y  of b r a i n  p o i n t s  were t e s t e d ,  f irst ,  f o r  
s e l f - s t imu la t ion ,  and second, f o r  respmding  t o  terminate  a series of 2- 
second t r a i n s  repeated a t  one per  second. Because many ESB's which pro-  
duced se l f - s t imu la t ion  a l s o  produced responding t o  terminate  t h e  series,  it 
seemed that e i t h e r  the ESB produced a very  confused and mixed r e a c t i o n ,  or  
t h a t  in f requent  t ra ins  w e r e  pos i t i ve  b u t  t o o  f requent  t r a i n s  w e r e  aversive. 
It a l s o  appears, however, t h a t  p o s i t i v e  reinforcement sometimes became a t -  
tenuated  i f  t r a i n s  w e r e  t o o  widely spaced: animals i n  a runway moved faster 
f o r  b r a i n  stimulus if t h e  t r ia ls  were spaced 20 seconds a p a r t  t han  i f  15  
minutes intervened (Seward e t  a l . ,  1960). 

1 

Poschel  (1963) has r e c e n t l y  answered one quest ion t h a t  enjoyed a t e m -  
porary  vogue, namely, whether t h e  o n s e t  o r  te rmina t ion  of t h e  ESB provided 
t h e  p o s i t i v e  reinforcement .  He provided ESB wi th  sudden onset and gradual  
te rmina t ion ,  and v i ce  ve r sa .  Because the cu r ren t  with sudden onset  produced 
s t r x g e r  p s i t i v e  reinforcement behavior t han  cu r ren t  wi th  sudden termina-  
t i o n ,  he concluded t h a t  t h e  pos i t i ve  reinforcement commenced wi th  t h e  onset 
o f  t h e  ESB, 
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Pu-ishment and Reward 

The c h a r a c t e r i s t i c  b e h a v i x x  a s s x i a t e d  with t h e  pr imi t ive  prDperty of 
i r r i t a h i 1 i t - y  inherent  i n  1 j v i  n e  matter 3.r~ npgatjrrp--r?T.r7iC?rr?g r e a c t t ~ ~ s .  These 
axe r s ive  r e a c t i m s  are far s impler  tr, exp la in  3n a cause-and-effect  b a s i s  than  
are a p p e t i t i v e  3r homing r e a c t i o n s .  P x s i b l y  because of t h i s ,  a tendency t o  
p a r s i m x y  has l e d  t o  many a t tempts  t:, show 3r suggest t h a t  t he  seeming appe- 
t i t i v e  r e a c t i m s  are n3thing but  avers ive r eac t ions  i n  d isguise  (Miller, 1957a; 
1956; 1961aj 

Di rec t  experience,  on t h e  other hand, a t  first makes it appear t h a t  re- 
ward and punishment are q u i t e  d i f f e r e n t  mechanisms f o r  c o n t r o l l i n g  behavior .  
Y e t ,  even i n  experience,  t hese  mechanisms r a r e l y  appear i n  c o n f l i c t  ; pleasure  
and pa in  are r a r e l y  repor ted  simultaneously,  and t h e  same behavior o f t en  seems 
aimed at the avoidance of punishment and t h e  p u r s u i t  of reward. If t h e  mecha- 
nisms are dual ,  some method of i n t e r a c t i m  or  r e c i p r o c a l  c o r r e l a t i o n  seems t o  
be worked out wi th in  t h e  organism t 3  prevent  c o n f l i c t s .  

Experiments i n  which avers ive  r e a c t i m s  were pmduced by e l e c t r i c  stimu- 
l a t i o n  of  t h e  b r a i n  have y ie lded  qui te  d e f i n i t e  i n f x m a t i o n  about a n a t m i c a l  
s t r u c t u r e s  p e c u l i a r l y  r e l a t e d  t o  mechanisms of  negat ive reinforcement.  These 
have r e c e n t l y  been combined with s t u d i e s  of p o s i t i v e  reinforcement t o  f u r t h e r  
t h e  analysys of r e l a t i o n s  between mechanisms o f  punishment and those  of re- 
ward 

Many s t u d i e s  which show e l i c i t a t i o n  of a p p e t i t i v e  and avers ive  r eac t ions  
from s t imula t ion  of t h e  sane po in t  have been taken as evidence f o r  a s i n g l e -  
r a t h e r  than  dual-motive mechanism; s tud ie s  which show d i f f e r e n t i a t i o n  of ap- 
p e t i t i v e  f r o m  avers ive  p o i n t s  have been taken as evidence f o r  a dual-motive 
mechanism. S tudies  of i n t e r a c t i o n s  have suggested poss ib l e  mechanisms of re- 
c i p r o c a l  c o r r e l a t i o n .  

Escape Reactions 

In  e a r l y  r e p o r t s ,  s t imu la t ion  o f  a wide area surrounding t h e  p o s t e r i o r  
p a r t  of t h e  olfactory-midbrain pathways i n  c a t  w a s  repor ted  by H e s s  (1954a; 
195413) t o  e l i c i t  a p a t t e r n  of a t tack-defense.  
(Delgado, 1955; Delgado e t  a l . ,  1954; Delgado e t  a l . ,  1956; R2berts,  1958a; 
1958b; 1962) ind ica t e  p a i n l i k e  responses and avoidance responses from a va- 
r i e t y  of midbrain areas. 
l a t e d  s t r u c t u r e s  i n  the thalamus. A f e a r l i k e  response charac te r ized  by avoid- 
ance behavior has  been repor ted  f rom s t imu la t ion  i n  a d i f f e r e n t  thalamic 
nucleus (Roberts,  1962) I Simi lar  responses have a l s o  r e s u l t e d  from e l e c t r i c  
s t imu la t ion  appl ied  t o  some parts 3f the  hypothalamus. Rage has been pr2-  
duced with e l ec t rodes  i n  o the r  p a r t s  of  t h e  hypothalamus (Masserman, 1941; 
1942; R3berts,  1958b) 
alsg been implicated i n  negat ive r e in fo rc ing  e f f e c t s  of ESB (Delgado, 1955; 
B l g a d o  e t  ax., 1954; 1956) 
ESB e f f e c t s  were ca tegor ized  as purely p o s i t i v e ,  pu re ly  nega t ive ,  and mixed 
pos i t ive-negat ive .  The area where s t i m u l a t i m  caused pure ly  negat ive r e i n -  
forcement w a s  found t c ,  f o l low t w 3  courses frm midbrain i n t o  f x e b r a i n .  One 
w a s  sp3ken of as a p e r i v e n t r i c u l a r  system because it followed t h e  boundaries 
gf  t h e  ce reb ra l  v e n t r i c l e s ,  which occupy a midposi t ion throughout much of t h e  

Recent w x k  on c a t  and monkey 

S imi l a r  responses have a l s o  been repor ted  from re- 

Many parts of t h e  o l f ac to ry  c o r t i c a l  system have 

I n  a recent  s tudy of  rat (Olds and 01ds,1963), 
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b r a i n .  The o ther  was c l e a r l y  i n t e r d i g i t a t e d  w i t h  smesthet. j .c,  v i s u a l ,  and 
aud i to ry  sensory systems. 

Ambivalent Responses 

Roberts  f irst  repor ted  rewarding and punishing e f f e c t s  of s t imu la t ion  
of t h e  same e lec t rode  at the  same i n t e n s i t y .  He came upon t h e  e f f e c t  while 
i n v e s t i g a t i n g  a boundary area of the p o s t e r i o r  olfactory-midbrain pathways. 
Fie found t h a t  e l e c t r i c  s t imu la t ion  caused escape behavior after t h e  onset ,  
b u t  that  t h e  animal would not  heed a warning s i g n a l  and avoid p r i o r  t o  b r a i n  
s t imu la t ion  (R3berts,  1958a) Roberts f i r s t  guessed that f o r  some reason 
t h e  b r a i n  stimulus f a i l e d  t o  beccme as soc ia t ed ,  by normal l ea rn ing  mechan- 
i s m s ,  wi th  t h e  warning s i g n a l .  Later ,  however, he t e s t e d  t h e  not ion  t h a t  
t h e  animal might be rewarded at  f i r s t  by t h e  onset  o f  the s t imula t ion ,  and 
then  punished by i t s  cont inua t ion  (R2berts, 1958b).  Proceeding on t h i s  as- 
sumption, he found t h a t  animals would press a l e v e r  t o  t u r n  t h e  s t imu la t ion  
on, and would a l s o  respond t o  t u r n  it o f f .  Using a symmetrical Y maze with 
3ne a l l e y  f o r  "3n," one f o r  "off ,"  and one f o r  leav ing  t h e  s t imulus "as is" 
whether on o r  sff ,  he found t h a t  these animals would work t o  t u r n  on and then  
t o  t u r n  o f f  t he  same s t imulus .  A t  l o w  i n t e n s i t i e s ,  t h e  turn-on response w a s  
dependable and t h e  turn-Dff response nea r ly  random. A s  t h e  i n t e n s i t y  i n -  
creased,  t h e  turn-of f  response became dependable and the turn-on response 
became slower and more c o n f l i c t e d .  

H i s  conclusion, t he re fo re ,  was t h a t  b r i e f  o r  low- in tens i ty  s t imu la t ion  
w a s  p o s i t i v e l y  r e i n f o r c i n g  bu t  with increased i n t e n s i t y  o r  prolonged dura- 
t i o n  the p o s i t i v e  reinforcement became less and a negat ive r e in fo rc ing  com- 
ponent of  t h e  s t imulus appeared. 

I n  t h i s ,  as i n  the o ther  approach-escape experiments,  i d e n t i c a l  o r  
r m g h l y  similar s t imulus i n t e n s i t i t e s  w e r e  used i n  reward and punishment 
tes ts .  C h a r a c t e r i s t i c a l l y ,  however, t h e  t r a i n  du ra t ion  has been f i x e d  a t  
sclme b r i e f  l e v e l  during reward experiments, but has been continued u n t i l  
r e s p m s e  x c u r r e d  i n  escape experiments; thus  the  dura t ion  i s  usua l ly  i n  
t h e  escape or a n i d a n c e  experiments. 

I n  t h e  same s tudy  (R3berts,  1958b) a s p e c i a l  t es t  was made t o  assess 
t h e  du ra t ion  f a c t o r .  Animals were forced t o  take  a 3-minute t r a i n  of s t i -  
mulation o r  none a t  a l l .  Under t h i s  regimen, two animals showing milder  re -  
ward i n  previous t e s t  chose none at  a l l ,  while one animal which previous ly  
showed s t rong  reward took  t h e  3-minute s t imulus .  For two of t he  animals,  
t he re fo re ,  extending the dura t ion  of t h e  s t imulus transformed it from pos i -  
t ive t o  nega t ive .  

The one case rewarded by t h e  longer t r a i n  was taken  s e r i o u s l y ,  howe- 
ever ,  f o r  it supported an important argument; namely, t h a t  t h e  onset  of  t he  
hyp3thalami.c s t imulus w a s  i n  i t se l f  a rewarding event .  Some earlier argu- 
ments had suggested t h a t  animals apparent ly  p re s s ing  f o r  such s t imu la t ion  
w e r e  i n  f a c t  rewarded by i t s  cessa t ion .  

The work of R D b e r t s  w a s  fo l losed  by t h a t  of B3wer and M i l l e r  (1958), 
who repor ted  t h a t  rats wi th  e lec t rodes  i n  the  a n t e r i o r  part of the o l f ac to ry -  
midbrain pathways would work both  t o  approach and t o  escape f r o m  e l e c t r i c  
s t imula t ion ,  bu t  t h a t  rats with e l ec t rodes  i n  a p o s t e r i o r  part of t h i s  same 
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* bundle sh3wed pure appmach behavior . 
B r m n  and CDhen (1959) implanted e l ec t rodes  i n  areas 3f t h e  hyp3thalamus 

g f  c a t s  which y ie lded  c l a s s i c a l  "hypothalamic rage."  
w m l d  respgnd faster 3n successive trials t o  g e t  a 0.3-sezmd t r a i n  2f stimu- 
l a t i o n  at  t h e s e  p o i n t s ,  and wxdd  a l s o  escape f r g m  a s i m i l a r  hiit m w e  eridi-riDg 
t r a i n  of s t imu la t ion  a t  t h e  same pgint when t h e  s t imulus w a s  cmt inued  up t o  
t h e  t i m e  2f t h e  escape response.  These animals,  un l ike  those  of Rgberts,  d id  
l e a r n  t 3  heed a warning s i g n a l ,  and eventua l ly ,  many o f  them responded e a r l y  
en3ugh t o  avoid the  enduring s t imula t ion  a l t o g e t h e r .  It has been argued t h a t  
i a  t h i s  e x p e r b e n t  tile same stimulus w a s  employed i n  t h e  approach and avoid- 
ance experiments bu t  a c a r e f u l  perusal  o f  t h e  d a t a  suggests  t h a t  t h e  average 
du ra t ion  o f  t h e  s t imulus which provoked avoidance behavior was at  least  6 
t imes t h a t  D f  the approach s t imulus.  It might be argued t h a t  i n  t h e  escape- 
av3ida.nce experiment t h e  animal might have had a b r i e f e r  s t imulus by leaping  
the b a r r i e r  sooner but  experience i n  our l a b x a t o r y  suggests  t h a t  animals 
rarely develop the s k i l l  t o  c u t  of f  a s t imulus i n  less than  a second after 
i ts  mset .  The au thors  cmcluded  t h a t  t h e  s t imulus had merely an a c t i v a t i n g  
e f f e c t  without a p p e t i t i v e  D r  aversive c h a r a c t e r i s t i c s .  But t he  d a t a  are poss i -  
b l y  b e t t e r  i n t e r p r e t e d  by R3berts '  assumption (R2berts,  1958b) 3f rewarding 
e f f e c t s  being a s s3c ia t ed  with b r i e f  s t imu la t ion  and avers ive  e f f e c t s  a s s o -  
c i a t e d  with more enduring s t i m u l a t i m  at  t h e  same p 2 i n t .  

They showed t h a t  c a t s  

Analyzing t h e  midbrain of rats, Olds and Pe re t z  (1960) found t h a t  s t i -  
m a a t i o n  i n  some "pe r iven t r i cu la r  and sensory" p o i n t s  caused animals t g  es- 
cape f rm  b r a i n  s t imu la t ion  onto an avers ive  f o o t  g r i d  but  caused no appe t i -  
t ive  respmses. S t imula t ion  in some Dlfactory-midbrain pathway p o i n t s  caused 
s t r m g  a p p e t i t i v e  behavior bu t  no escape response,  and s t imu la t ion  i n  middle 
parts of t h e  r e t i c u l a r  a c t i v a t i n g  s y s t e m  caused both  t h e  escape and t h e  ap- 
pet i t ive responses ,  depending 3n the na ture  of t h e  t e s t .  

U t i l i z i n g  a technique which permitted t h e  same animal t D  p r e s s  t he  same 
pedal  (f irst ,  t .o  t u r n  on e l e c t r i c i t y  i n  the  hypgthalamus, then  t o  t u r n  it 
2ff ,and later t o  t u r n  on e l e c t r i c i t y  i n  t h e  midbrain,  t hen  t o  t u r n  it o f f ) ,  
it w a s  s h x m  (Olds, 1960a) t h a t  s m e  e l e c t r o d e s  would y i e l d  reward but  not  
punishments, while 3 thers  y ie lded  escape but  ngt  reward. S3me e l ec t rodes ,  
h3wever, y ie lded  both.  I n  t h i s  case,  t h e  escape s t imulus was nea r ly  i d e n t i -  
c a l  wi th  t h e  me used i n  the  reward s t u d i e s  as both  had the  same t r a i n  du- 
r a t i o n ;  however, i n  escape s t u d i e s  the t r a i n s  w e r e  more f r equen t .  The re-  
p e t i t i o n  of t r a i n s  x c u r r e d  a t  a r a t e  of me per s e c m d  un le s s  stopped o r  
p s t p m e d  f o r  4 seconds by a pedal response ( c f .  Sidman, 1953; Travis and 
Olds, 1959). I n  reward tes ts ,  response rates of ambivalent rats w e r e  never 
above one respmse f o r  every  2 seconds. Thus it appeared that having t h e  
s t imulus  appl ied  t o o  o f t e n  w a s  avers ive i n  these  cases .  

Applying t h i s  d u a l - t e s t  technique t o  map t h e  o l f a c t o r y  and r e l a t e d  areas 
i n  rat (Olds and Olds, 1963; Wurtz and Olds, 1961), it was shown t h a t  e l e c -  
t rgdes  on many of t h e  boundaries of t he  p o s i t i v e  reinforcement system yie lded  
a t t enua ted  pDsi t ive  r e i n f x c e m e n t  but a l s o  y ie lded  escape responses .  
t h e  main r e g i m  i n  which e l e c t r d e s  p r d u c e d  t h e s e  ambivalent r e a c t i o n s  w a s  
t h e  g r m p  of nuc lear  masses which make up t h e  medial  hypothalamus; a l l  of t h e  
medial hypzkhalamus, which l i e s  between t h e  o l f ac txy -midbra in  pathways, was 
invzdved. 
avers ive  areas would y i e l d  t h e  ambivalent r e a c t i o n s ,  bu t  it was d i f f i c u l t  t o  
t reat  t h e  w h d e  medial area, which had long been considered the  main body of 

However, 

It was f i r s t  thought that only bcmndaries between a p p e t i t i v e  and 
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3f the hyp3thalamus, as a boundary region of t h e  medial fo reb ra in  bundle. 
I n  any event ,  because it was more Ynan 2 millimeters ac ross ,  and because am- 
b i v a l e n t  r e a c t i o n s  occurred i n  the middle, it w a s  no longer  poss ib le  t o  e m -  
t end  that  ambivalent r eac t ions  occurred m l y  on t h e  boundaries Df t h e  pure ly  
p x i t i v e  system. The ambivalent r e a c t i m s  also occurred with c m s i d e r a b l e  
frequency wnen e l e c  i r d e s  were placed a n t e r i o r l y  i n  t h e  medial Yorebrain 
bundle i t s e l f  ( B m e r  and Miller, 1958; Olds  and Olds, 1963); i n  f a c t ,  pure ly  
p o s i t i v e  cases  w e r e  extremely rare w i t h  e l ec t rodes  i n  the a n t e r i o r  hypothal-  
amus o r  anywhere i n  t h e  o l f ac to ry -co r t i ca l  areas. This suggested t h a t  t h e  
p x i t i v e  system might be more d i f fuse  and intermingled with o ther  systems i n  
a n t e r i o r  areas. 

In  a l l  t h e  ambivalent cases  reported,  it appeared t h a t  t h e  s t imulus be- 
came avers ive  i f  presented  immxlerately. This  view i s  i n  harmony with work 
IIILIIvIJIIL.u LuAslc~ DLldwrrlEi b,IIuv wL ulI z l c c t r s d e s  i n  z e r t a l n  p laczs  a d z z l l n c  
i n  p x i t i v e  r e in fxcemen t  s o m e t i m e s  occurred a t  h igh  e l e c t r i c  s t imulus l e v e l s  
(Hodos and Valenstein,  1962; Reynolds, 1958; S t e i n  and Ray, 1959). W e  might 
conclude t h a t  with e l ec t rodes  i n  c e r t a i n  p l aces ,  a change from a p p e t i t i v e  t o  
avers ive  e f f e c t s  of ten  occured on the basis o f  changes i n  t h e  quan t i ty  of 
s t imu la t ion ,  i . e .  e i t h e r  changes i n  dura t ion  of t r a i n ,  number of t r a i n s  per 
unit time, o r  i n t e n s i t y  of s t imulus.  There was a p s s i b i l i t y  t h a t  changes 
i n  du ra t ion  w e r e  more impzrtant than changes i n  i n t e n s i t y .  

man+: ---A a.=.w1: m L , Y , 4 " , -  tho+ T I 7  CL 

Two papers suggest ing change of re inforcement  s i g n  based on e x t e r n a l  
f a c t o r s  have appeared. Nielson e t  a l .  (1958) ind ica t ed  t h a t  using a n e u t r a l  
caudate stimulus as a warning s igna l  of oncoming avers ive  shock converted 
t h e  caudate shock t o  an avers ive  st imulus i t s e l f .  Kopa, Szabo, and Grastyan 
( i n  press) repor ted  t h a t  s t i m u l a t i o n  i n  d i f f u s e  thalamic areas caused in -  
creased f e a r l i k e  behavior i n  an  otherwise dangerous s i t u a t i o n  and increased 
r e l a x a t i o n  i n  a n  otherwise safe s i t u a t i o n .  

In summary, f o r  some cases  t h e  prime determinant of r e in fo rc ing  e f f e c t s  
w a s  t h e  locus  of t h e  s t imula t ing  e lec t rode .  Thus s t imu la t ion  i n  some o l f ac -  
t o r y - c o r t i c a l  reg ions  ( L i l l y ,  1958a; Olds, 1960a) and i n  the  medial fo reb ra in  
bundle (Brodie e t  a l . ,  1960b; Oids, 1960a) seemed i r r e v e r s i b l y  p o s i t i v e  i n  
r e i n f x c i n g  e f f e c t s .  St imulat ion i n  a p r e i v e n t r i c u l a r  system (Delgado, 1955; 
Delgado e t  ax., 1956; Olds,  1960a; Olds and Pe re t z ,  1960; Olds and 01ds,1963; 
R3berts,  1962), o r  a primary sensory system (Delgado, 1955; Delgado e t  a l . ,  
1954; L i l l y ,  1958a; Roberts,  195813) w a s  i r r e v e r s i b l y  negat ive.  F x  o ther  
po in t s ,  p a r t i c u l a r l y  i n  medial  hypothalamus, t h e  amount 3f s t imu la t ion  seemed 
t h e  p r i m e  determinant of r e in fo rc ing  e f f e c t s  with b r i e f  and low- in tens i ty  
shock y i e l d i n g  p o s i t i v e  reinforcement, and h igh - in t ens i ty  o r  long-enduring 
shock becoming negat ive i n  reinforcement s ign .  F i n a l l y ,  some po in t s  i n  cau- 
da te  and i n  d i f f u s e  systems of the thalamus seemed t o  t ake  on a reinforcement 
s ign  e i ther  from assoc ia t ive  learn ing  o r  from other  a spec t s  of t he  s i t u a t i o n .  

Anatomical Rela t ions  of Punishment and Reward Systems 

What can be concluded from the set  of anatomical r e l a t i o n s  between p o i n t s  
y i e ld ing  p o s i t i v e  reinforcement and po in t s  y i e l d i n g  negat ive reinforcement? 
A t  a very gross  l e v e l ,  t h e  most s t r i k i n g  f a c t  was  t he  enormous d i f f e rences  be- 
tween hypDthalamus ( t h e  area of the olfactory-midbrain pathways) and thalamus 
( t h e  area ju s t  above the  hypothalamus, long known as t h e  may r e l a y  s t a t i o n  
f o r  cortex-bound messages of somesthetic,  visual, and aud i to ry  systems) . There 





has been a l m g s t  n3 evidence 3f u n e q u i v x a l  escape behav iw  pmduced by e l e c -  
t r2des  i n  t h e  iiypAhalainils, and very l i t t l e  r e p 2 r t  3 Y  pers i s tem,  se l l - s t i rnu la-  
t i m  with e l ec t r3des  i n  t h e  thalamus. Even t h x g h  these  s ta tements  are only 
appr2ximately t r u e ,  t he re  i s  no d m b t  a b x t  the  fundamental d i f fe rence .  A t  t h e  
very least, me i s  l e d  t . o  wonder a b o u t  tne e v g i u t i m a r y  and func t iona l  s i g n i f i -  

mainly i n  thalamic systems and p x i t i v e  mechanisms mainly i n  hypothalamic ones. 
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A t  t h e  l e v e l  of d e t a i l ,  t h e r e  are t h r e e  s u r p r i s i n g  po in t s :  (1) t h e  clxe 
"synaptic" r e l a t i o n  of t he  "posi t ive"  and "negative" motive systems t o  one an-  
o ther ;  (2 )  t h e  tendency t o  f i n d  ''pure" e f f e c t s  i n  f i b e r  bundles,  and "ambiva- 
l e n t "  e f f e c t s  i n  nuc le i ;  and (3)  similar thresholds  and e l e c t r i c  cu r ren t  func- 
t i o n s  f o r  appetitive and escape behaviors i n  mid-hypothalamic l o c a t i o n s  (Olds 
and Olds, 1963). 

It appeared qu i t e  p x s i b l e  t h a t  f i b e r  bundles y i e ld ing  p o s i t i v e  r e i n f o r e -  
Most def - ment regularly synapsed with those  y ie ld ing  negat ive r e in fxcemen t  . 

i n i t e  w e r e  t h e  f ind ings  (Olds and Olds ,  1963) t h a t  t h e  region of t h e  medial 
f o r e b r a i n  bundle, which is  t h e  primary input  t 2  mid-line hypgthalamic nuc le i ,  
y i e lded  p o s i t i v e  r e in fxcemen t ;  t h a t  t h e  nuc le i  themselves y ie lded  ambivalent 
e f f e c t s ;  and t h a t  t he  pe r iven t r i cu la r  system 3f f i b e r s ,  which appear t o  be 
t h e  main 3utflDw of medial nuc le i ,  y ie lded pure negat ive r e i n f x c e m e n t  (see 
F i g  4)  S imi la r  p a t t e r n s  appeared l i k e l y  a t  o ther  synapses, bu t  t hese  re-  
main t 2  be d e f i n i t e l y  va l ida t ed .  The hyp3thesis  3f invers ion  of s ign ,  from 
input  t o  output ,  3f hypothalamic nuc le i  was strengthened by p o i n t s  (2)  and 
(3)  abcwe. Ambivalent e f f e c t s  i n  such a case would be achieved from stimu- 
l a t i o n  of t h e  nuc le i  themselves because t h e  s t imulus wmld a f f e c t  both af-  
f e r e n t s  and e f f e r e n t s .  And t h e  f i e l d  of a f f e r e n t s  and e f f e r e n t s  would be 
r e l a t i v e l y  h3mo,genous, thereby  accounting f o r  t h e  s i m i l a r i t y  of th resholds  
f o r  t h e  two e f f e c t s .  

Figure 4. 
t h e  c m n e c t i m s  (synapses) i n  t h e  hypotha- 
lamus between medial f w e b r a i n  bundle f i b e r s  
and t h e  neurones of the p e r i v e n t r i c u l a r  sys-  
tem (here  c a l l e d  t h e  hypckhalam3-reticular 
system). Three g rmps  of neurones appear:  
first are longer  f i b e r s  f r D m  d f a c t o r y  cor-  
tex ( p a r t s  of which are  here  c a l l e d  t h e  l i m -  
b i c  system); they  follow t h e  medial fo reb ra in  
bundle i n t o  hypothalamus and t h e r e  synapse 
with f i b e r s  gf t h e  second system; t h e  second 
system f i b e r s  w i g i n a t e  i n  hypothalamus and 
travel upward toward emotional systems of 
thalamus and midbrain. A t h i r d  group of f i -  
b e r s  o r i g i n a t e s  i n  hypothalamus and sends 
p r x e s s e s  back i n t o  medial fg reb ra in  bundle; 
t hese  f i b e r s  are shown here  as be ing  inner -  
vated by  o f f s h m t s  ( cd la t e ra l s )  f r 9 m  t h e  
f i b e r s  produces pure (bu t  mi ld)  p o s i t i v e  re-  
in fxcemen t ;  s t imula t ion  of t h e  connection 
p o i n t s  ( n u c l e i )  i n  hypothalamus causes mixed 

This I s  a schematic p i c t u r e  3f 



p x i t i v e  and negative reinforcement .  S t i -  
mulation of t he  secomi group gf f i b e r s  pro-  
duces pure negat ive reinforcement.  F ina l -  
l y ,  s t imula t im o f  the t h i r d  group of f i b e r s  
produces in t ense ,  pure p g s i t i v e  r e i n f  x c e  - 
mpnt. : 

It has been proposed t h a t  a large number o f  d i r e c t  synapt ic  r e l a t i o n s  be- 
tween elements whose s t imu la t ion  y i e lds  e f f e c t s  of opposi te  s igns  might i n d i -  
c a t e  that one o r  s eve ra l  of the m a i n  p r o j e c t i o n  pathways i n  t h i s  group of 
systems have an  i n h i b i t o r y  r a t h e r  than e x c i t a t o r y  func t ion .  

From the anatomical da t a ,  one is l e d  t o  t h i n k  o f  a c i r c u i t  (Papez, 1937) 
cons i s t ing  af a l t e r n a t i o n  P f i b e r s  (whose s t imu la t ion  i s  p o s i t i v e l y  r e i n f o r c -  
i n g )  and N fibers (whose s t imula t ion  is  negat ive ly  r e i n f o r c i n g ) ,  a l l  more or 
less spontaneously a c t i v e  and each exer t ing  an  i n h i b i t o r y  inf luence  on t h e  
next  neuron of t h e  c i r c u i t .  If such a system ex i s t ed ,  it would func t ion  t o  
mediate r e c i p r o c a l  i n h i b i t i o n  of pos i t i ve  and negat ive r e i n f o r c i n g  systems, 
and it would ind ica t e  t h e  l ike l ihood of a mechanism of a c t i o n  common t o  t h e  
two systems. 

I n t e r a c t i o n  of Motive Systems 

I n  one set of s t u d i e s  (Olds and Olds, 1962) ,  animals w e r e  t e s t e d  with 
p o s i t i v e  self-reinforcement  during continuous negat ive s t imu la t ion  and with 
ESB escape behavior during continuous p o s i t i v e  s t imu la t ion .  The t e s t  f o r  
p o s i t i v e  self-reinforcement  was made by p resen t ing  a hypothalamic stimulus 
after each lever response during a 2-minute pe r iod  while a constant  t r a i n  of 
s t imu la t ion  was being appl ied  t o  the  negat ive r e i n f o r c i n g  p o i n t  i n  dorsomedial 
midbrain v i a  a d i f f e r e n t  e l ec t rode .  The t e s t  f o r  negat ive reinforcement w a s  
made by p resen t ing  repeated 1/2-second t r a i n s  of  midbrain s t imu la t ion  a t  a 
rate of one per secgnd and in t e r rup t ing  t h i s  sequence f o r  4 seconds after 
each lever response; t h i s  w a s  done during a 2-minute pe r iod  while a constant  
t r a i n  of s t imu la t ion  w a s  be ing  applied t o  t h e  p o s i t i v e  r e i n f o r c i n g  p o i n t  i n  
olfactory-midbrain pathways v i a  a d i f f e r e n t  e l e c t r o d e .  

The constant  negat ive t r a i n ,  as might have been expected, impeded and 
sometimes completely i n h i b i t e d  t h e  p o s i t i v e l y  r e in fo rced  behavior .  Hoebel and 
Teitelbaum (1962) repor ted  a similar f i n d i n g  w i t h  s t imu la t ion  i n  t h e  vent ro-  
medial hypothalamic " s a t i e t y "  center  where s t imu la t ion  a l s o  caused negat ive 
reinforcement (Olds,  1960a) .  Vent rmedia l  hypothalamic s t imu la t ion  i n h i b i t e d  
se l f - s t imu la t ion  via lateral hypothalamic e l ec t rodes ;  a l s o ,  l e s i o n s  a t  t h e  
ven tnmed ia l  p o i n t  caused an augmentation of t h e  p o s i t i v e l y  r e in fo rced  be-  
h a v i x  (H3ebel and Teitelbaum, 1962). 

Quite s u r p r i s i n g l y ,  however, the cons tan t  p o s i t i v e  t r a i n  i n  o l f ac to ry -  
midbrain areas, far from impeding the midbrain escape behavior ,  r e g u l a r l y  
f a c i l i t a t e d  t h e  nega t ive ly  reinforced behavior (Olds and Olds, 1962) .  The 
asymmetry of  t h e  outcome appeared t 3  i n d i c a t e  a one-way i n h i b i t i o n  a c t i n g  
from t h e  escape mechanism of t h e  p e r i v e n t r i c u l a r  area on t h e  reward system 
of t h e  lateral hypothalamus. The f ind ing  a l s o  seemed t o  suggest  t h a t  a c t i v -  
i t y  i n  t h e  olfactory-midbrain "reward1' po in t  w a s  s y n e r g i s t i c  wi th  operant 
escape o r  avizdance behavior .  I n  f u r t h e r  experiments no s i m i l a r  s y n e r g i s t i c  
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r e i a t i o n  w a s  sbserved when t h e  mcont ingent  stirodatim was appl ied i n  t h e  
3 l f a c t o r y  c 2 r t i c a l  f i e l d  of se l f - s t imula t ion .  Thus it appeared t o  i nd ica t e  
some s p e c i a l  property of t h e  se l f - s t imula t ion  f o c a l  region.  

When midbrain escape behavior was t e s t e d  with a c m s t a n t  t r a i n  of stimu- 
l a t im i n  Dlfac tory-cor t ica l  reward po in t s ,  behavior w a s  depressed in s t ead  of 
augmented (Routtenberg and Olds, 1963). 
p3 r t ed  t h a t  normal "fear" reac t ions  f a i l e d  t o  appear i n  e i ther  rat  o r  monkey 
when the animal w a s  working o r  b ra in  shocks i n  some o l f a c t o r y - c o r t i c a l  pa th-  
ways. These animals,  when working f o r  food o r  water, stopped and cowered if 
a s i g n a l  announced mcoming pain-shock. Wxking f o r  o l f a c t o r y - c o r t i c a l  b r a i n  
shock, t h e  same animals seemed t o  ignore t h e  danger s i g n a l .  The suggest ion 
t h a t  such s t imu la t ion  might cause r e l i e f  of pa in  o r  fear was i n  good accord 
with reports D f  c l i n i c a l  i nves t iga to r s  t h a t  s t imu la t ion  i n  ''septal" area 
(Heath and Mickle, 1960) o r  o ther  a n t e r i o r  l o c a t i m s  (Sem-Jacobsen and 
Torki ldsen,  1960)~  i n  human beings caused re l ief  and r e l axa t ion .  

Brady and Conrad (196011) a l s o  re- 

E f f e c t s  3f CNS Damage 

Twc~ s t u d i e s  u t i l i z i n g  s u r g i c a l  a b l a t i o n  and t h r e e  us ing  e l e c t r o l y t i c  
l e s i o n s  i n  r e l a t i o n  t o  se l f - s t imu la t ion  experiments have appeared. Also, ex- 
tended s t u d i e s  of t h e  e f f e c t s  of spreading c o r t i c a l  depression o f  t h e  B u r e s  
(1961) type on hypothalamic approach behavior and tegmental  escape have 
been made. 

The s t u d i e s  of Ward (1959a, b ,  1960, 1961) i n d i c a t e  t h a t  t h e  o l f ac to ry -  
c o r t i c a l  areas are r e l a t i v e l y  unimp3rtant t o  t h e  b a s i c  phenomenon. He i m -  
p l an ted  e l ec t rodes  i n  rewarding dfac tory-midbra in  a r e a s  and t e s t e d  these  
(Ward, 1959a, 1960) af ter  suc t ion  ab la t ion  of two d i f f e r e n t  o l f ac to ry  sub- 
c o r t i c a l  areas. Large l e s i o n s  i n  b3th s t r u c t u r e s  w e r e  o f t e n  without i n -  
f luence  on tegmental s e l f - s t imu la t ion .  Ward suggested t h a t  the  var ious  areas 
y i e l d i n g  se l f - s t imu la t ion  subserved p a r a l l e l  r a t h e r  than  mutually p r e r e q u i s i t e  
f u n c t i m s .  

D a t a  have now ind ica t ed  t h a t  l e s ions  i n  t h e  p o s t e r i o r  (midbrain) part o f  
t h e  olfactory-midbrain system a t tenuated  3r abol ished self  - s t imula t ion  v i a  
m x e  a n t e r i o r  e l ec t rodes  whether these were i n  t h e  same system (Olds and Olds, 
i n  p re s s ,  1964) o r  i n  t h e  o l f ac to ry -co r t i ca l  system (Coons and Fonberg, 1963). 
Quite su rp r i s ing ly ,  t hese  "reward focus" l e s i o n s  a l s o  caused a t t e n u a t i o n  or  
c3mplete a b l a t i o n  of t h e  escape behavior produced by s t imulat ing t h e  do r sa l  
midbrain area, which i s  the area t h a t  r ece ives  fibers from t h e  medial  hypo- 
thalamus ( e . g . ,  from t h e  "sat ie ty  center")  
area, on t h e  o ther  hand, smetimes augented self  - s t imula t ion  when self -st i-  
mulation e l ec t rodes  were placed i n  the p o s t e r i o r  p a r t  of t h e  olfactory-mid- 
b r a i n  area (Olds and Olds,  i n  p r e s s ,  1964). Augmentation of  lateral  hypo- 
thalamic self-s t i rnulat ixi  by l e s i m s  i n  t h e  " s a t i e t y "  cen te r  of t he  medial 
hypothalamus has  a l r eady  been mentioned (H3ebel and Teitelbaum, 1962). These 
da t a ,  t 3ge the r  with those  of  Ward (1959b; 1960; 1961) showing t h a t  a n t e r i o r  
l e s i o n s  do not  a f f e c t  p o s t e r i o r  s e l f - s t imu la t ion ,  suggested t h a t  t h e  p o s i -  
t i v e  reinforcement system had an a n t e r i o r  f i e l d  i n  o l f a c t o r y - c o r t i c a l  areas 
which might func t ion  by modulating a p o s t e r i o r  focus i n  t h e  olfactory-midbrain 
areas; and t h a t  t h e  negat ive reinforcement system might have a f i e l d  i n  per i -  
v e n t r i c u l a r  areas of t h e  do r sa l  midbrain and medial hypothalamus which could 

Lesions i n  t h i s  do r sa l  midbrain 
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f7mction by " inversely"  modulating the Zlfactory-midbrain f ocus Z f  p o s i t i v e  
r e i n f  wcement . 

The view t h a t  a n t e r i x  s t ruc tu res  were r e l a t i v e l y  less Important t z J  se l f -  
s t imu la t ion  has  been tempered by experiments showing t h a t  t h e  p x i t i v e l y  r e i n -  
f x c e d  b e h a v i x  could be abol ished by temporary f u n c t i o n a l  impairment D f  the  
whole c w t e x .  

Funct iona l  impairment of t he  whole ce reb ra l  cor tex ,  i . e . ,  spreading de- 
pressisn Leg2 (194k) pr3duced by the Bm$s method (Bures, ;959), caused com- 
plete  and s p e c i f i c  3bs t ruc t ion  of t h e  hypothalamic self - s t imula t ion  phenomenon 
( B u r e s  e t  a l . ,  1961). 
t i c a l  depression i n  a chronic animal by a p p l i c a t i o n  of KC1-soaked p ledgets  
t o  co r t ex  exposed through t rephine  3penings. With b i l a t e r a l  app l i ca t ions  of 
22 percent  KC1,  r epea t ing  waves of spreading depression occurred, which pre- 
cluded a l l  food-directed behavior f o r  as much as 4 hours (Burgs , 1959). 

4 The Burt% method involved product ion of spreading cor -  

S imi l a r  a p p l i c a t i o n  of KC1 i n  s e l f - s t imu la t ion  experiments caused i m -  
mediate and complete ces sa t ion  D f  s e l f  - s t imula t ion  behavior dr iven  by lateral 
hy-pothalmic s t imu la t ion  (Burgs e t  a l . ,  1961). 
l a r g e  component of t h e  escape behavior dr iven  by dwsomedial  tegmental s t i m -  
mulation continued. S p e c i f i c a l l y ,  it appeared t h a t  a n  operant o r  learned  com- 
ponent o f  t h e  escape behavior disappeared with t h e  se l f - s t imu la t ion ,  and t h a t  
a r e f l e x  o r  unlearned c m p m e n t  of the escape behavior survived.  
and Fifkova (1963) used t h i s  method t o  f i n d  whether s e l f - s t imu la t ion ,  i n  the  
lateral  hypothalamus w a s  r e l a t e d  t o t h e  co r t ex  o f  t h e  same or  t h e  opposite 
s i d e .  Their  da t a  showed t h a t  u n i l a t e r a l  spreading depression on t h e  same 
s i d e  caused severe impairment of s e l f - s t imu la t ion  and escape behavior pro-  
duced by hypothalamic s t imu la t ion .  

During the  same per iod ,  a 

Rcdiger 

The s tudy  of  Bur& e t  a l .  (1961) presented  a n  i n t e r e s t i n g  account of 
neurophysiological  c o r r e l a t e s  which may c a s t  l i g h t  on t h e  mechanisms involved. 
Unit  a c t i v i t y  at  t h e  dorsomedial tegmental escape po in t  w a s  b r i e f l y  augmented 
du r ing  t h e  spreading depression period; u n i t  a c t i v i t y  a t  t h e  hypothalamic se l f -  
s t imu la t ion  p3in t  was  g r e a t l y  depressed. 
which w a s  phys izdogica l ly  def ined i n  s e v e r a l  s t u d i e s  ( e . g . ,  Adey, 1958; Hugelin 
and B m v a l l e t ,  1957) would pmbably  account f o r  t h e  g r e a t  augmentation of unit 
responses a t  t h e  dorsomedial tegmental escape p o i n t .  119 similar corticohypo- 
thalamic f a c i l i t a t x y  pa th  has  been descr ibed,  however, t . o  account f o r  t h e  de- 
p re s s ion  of u n i t  a c t i v i t y  i n  the  l a t e r a l  hypgthalamic se l f - s t imu la t ion  area. 
While t h e  p o s s i b i l i t y  of such a p a t h  should now be taken se r ious ly ,  an a l ter-  
na t ive  hypothesis  i s  t h a t  t h e  excessive a c t i v i t y  a t  t h e  dxsomed ia l  tegmental  
escape p o i n t  d i r e c t l y  i n h i b i t e d  a c t i v i t y  i n  t h e  lateral  hypothalamic self-s t i -  
mulation a rea .  This  would accord well with t h e  i n h i b i t o r y  e f f e c t s  of dorso- 
medial tegmental s t imu la t ion  on hypothalamic s e l f - s t i m u l a t i o n  (Olds and O l d s ,  
1962) repor ted  i n  t h e  previous sec t ion .  

A c o r t i c x e t i c u l a r  i n h i b i t o r y  pa th  

The hyp3thesis  of such an inh ib i to ry  r e l a t i o n  would serve y e t  another  ex-  
p l a n a t x y  func t ion .  It might be a means of render ing  equiva len t  t h e  r e i n f o r c -  
ing  event  fol lowing hypothalamic se l f - s t imu la t ion  and t h a t  fol lowing t h e  
learned  tegmental  escape response.  I n  each case ,  t h e r e  would be augmented 
a c t i v i t y  i n  t h e  la teral  hypothalamus as the r e i n f o r c i n g  event ;  i n  t h e  self-  
s t imu la t ion  case it would resu l t  f r o m  d i r e c t  s t imu la t ion ,  and i n  t h e  t eg -  
mental case it would be a r e l ease  or rebound f r o m  i n h i b i t i o n .  From t h i s  
t h e o r e t i c a l  b a s i s ,  it has even been suggested t h a t ,  poss ib ly ,  t h e  learned  
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component gf t he  escape behavior was sus ta ined  by t h e  same mechanisms as t h e  
s e l f - s t i m u l a t i o n ,  and, therefore ,  b3th w ~ i l d  be expected t o  disappear t.ogether 
under spreading d e p r e s s i m  as t h e  Burg's e t  a l .  (Olds e t  al., 1961) d a t a  
demonstrated.  

T h i s  would a l s o  p r w i d e  some e x p l a n a t i m  of the anomalous outcome of t h e  
i n t e r a c t i m  study (Olds and Olds, 1962) mentioned previous ly ,  i n  which t h e  
escape behavior w a s  a c t u a l l y  augmented by a background of rewarding stimula- 
t i o n  i n  t h e  lateral hyphthalamus. If the learned  escape behavior ,  l i k e  t h e  
l ea rned  se l f - s t imu la t ion ,  w e r e  i n  f ac t  sus ta ined  by la teral  hypothalamic 

more behavior .  
aLbAvlby ,  .-. -+: --< C - -  then  nixe a c t l v i t y  I n  t h i s  reg ion  might be expected t r ~  resul t  i n  

Eiec t rophys io iogica i  Ramifications of the St imula t ion  

T3 many electroencephal3grapher.s it seemed reasonable t o  expect t h a t  
s e l f - s t i m u l a t i o n  would be assoc ia ted  with abnormal and poss ib ly  pa thologica l  
e l ec t rog raph ic  a c t i v i t y  i n  t h e  b ra in .  The bases  of t h i s  expec ta t ion  were a t  
least four - fo ld :  (1) t h e  frequent  gbservation o f  automatic behaviors during 
mild e p i l e p t i c  s e i zu res ,  s e i zu res  associated with c l e a r l y  d iscernable ,  pa th-  
o l o g i c a l  s igns  i n  EEG; (2 )  the occurrence ( a l b e i t  i n f r equen t ly )  3f autogenic 
"pe t i t  m a l "  e p i l e p s i e s  i n  which the p a t i e n t  sought t o  i n i t i a t e  or augment 
h i s  e p i l e p t i c  episodes by manipulation of v i s u a l  input ;  (3)  the  b e l i e f  s t e m -  
ming from seve ra l  psychological  thegries t h a t  behavior should be r e in fo rced  
p o s i t i v e l y  by an abrupt  modif icat ion o r  reduct ion  i n  s t imulus input  as would 
occur i f  the p a t i e n t  w e r e  suddenly taken with t h e  state of  unconsciousness o r  
reduced consciousness which appears t o  accompany e p i l e p t i c  s e i zu res ;  (4)  t h e  
o b v i m s  f a c t  t h a t  abnormal e l e c t r i c a l  a c t i v i t y  w a s  induced i n  t h e  b r a i n  each 
t i m e  an e l e c t r i c  s t imulus w a s  applied by means of  an  implanted e l ec t rode .  

It seemed r e a s m a b l e ,  t h e r e f w e ,  t o  f i n d  whether and i n  what way e l e c -  
t r i c a l  e p i l e p t i c  and e p i l e p t i c - l i k e  discharges might be invglved i n  s e l f -  
s t i rnu la t ion ,  and t o  f i n d  s D m e  answers t o  whether t h e  a u t m a t i c  behavior o r  
reduced "cmsciousness t l  of ep i l epsy  might exp la in  t h e  reinfgrcement produced 
by b r a i n  s t imu la t ion .  

Three kinds o f  e p i l e p t i c - l i k e  e l e c t r i c a l  a c t i v i t y  w e r e  considered 
l i k e l y :  
r e l a t e d  po in t s ,  (2)  spreading a f t e r -d i scha rges  which are the e l ec t rog raph ic  
s i g n  of ep i l epsy ,  o r  (3)  random e p i i e p t i c  "spiking," which i s  t h e  EEG s i g n  
of a quiescent  e p i l e p t i c  focus .  

(1) af te r -d ischarges  at the s i t e  of s t imu la t ion  and/or a t  c l o s e l v  

Well hidden i n  t h e  Journa l  of the Experimental Analysis  of Behavior i s  
t h e  outs tanding  e lec t rophys io logica l  con t r ibu t ion  i n  t h i s  area by Por t e r  and 
h i s  a s s o c i a t e s  (1958; 1959). These experiments used mul t ip l e  e l ec t rodes  i m -  
p lan ted  i n  monkeys and recorded f rm a v a r i e t y  o f  o l f a c t o r y - c o r t i c a l  and 
olfactory-midbrain a r e a s  during se l f - s t imu la t ion  tes ts .  They found t h a t  
each 0.5 second t r a i n  of s t imula t ion  i n  a boundary reg ion  between t h e  f i e l d  
and focus o f  reinforcement caused a very t r a n s i e n t  e p i l e p t i c - l i k e  discharge 
i n  nearby s t r u c t u r e s  o f  t h e  f i e l d .  In  some cases  t h e r e  w a s  j u s t  one discharge 
f x  each s t imula t ion ,  b u t  with s t imula t ing  e l ec t rodes  i n  a d i f f e r e n t  p lace  
(which a l s o  caused self - s t imula t ion)  t h e r e  were a f te r -d ischarges .  
case where t h e r e  was jus t  one discharge f o r  each s t imu la t ion ,  self -stirnula- 

I n  t h e  
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t i o n  l a s t e d  only SCI l m g  as these  dischzrges -&re przduoed, suggest ing :,mc 
t hey  w e r e  somehow i n v d v e d  i n  t h e  re infgrc ing  func t ion .  When se l f - s t imu la t ion  
was a b m t  t 2  cease,  t h e  c r u c i a l  discharges disappeared and new discharges 
appeared i n  a d i f f e r e n t  part 3f t h e  o l f ' a c t x y - c o r t i c a l  system. I n  t h e  case 
where t h e r e  w e r e  after-discharges, self  - s t i m u l a t i m  would cease during t h e  
pe r iod  of t he  after-discharges and then recommence when these  stopped. 

With e l ec t rodes  i n  m e  part ~f the g l f a c t x y - e x t i c a l  system, self-s t im- 
u l a t i o n  occurred o f t en  i n  con junc t im with se i zu re  a c t i v i t y .  I n  several cases ,  
t h e  animals continued t g  se l f - s t imula te  only s o  long as se i zu res  w e r e  produced, 
and l o s t  i n t e r e s t  if se i zu re  a c t i v i t y  became "adapted mt." 
t r o d e s ,  i n  t h e  same s t r u c t u r e ,  self - s t imula t ion  occurred a t  i n t e n s i t y  levels 
W e L I  Ut=LC)W belLULe Irlll.ebil3lu levels.  

With o ther  elec- 

- - - , 7  7 - - 7 - - -  - - 2  A, ____-  L - 7 2  

With e l e c t r d e s  i n  a d i f f e r e n t  o l f a c t o r y - c o r t i c a l  s t r u c t u r e ,  qu i t e  t h e  
o p p x i t e  c o r r e l a t i o n  appeared. Animals would self-stimulate only s o  long as 
t h e  s t imulus f a i l e d  t 9  induce se izures .  A f t e r  s e i zu res  appeared, t h e  animals 
wmld  n2t  s e l f - s t imu la t e  f3r long periods of t i m e ,  o f t en  more than  24 hours .  

I n  t h e  case of p x t e r i o r  focus s e l f - s t i m u l a t i m ,  where respxse rates 
were very  high, t h e  continuous s t imula t ion  prevented s a t i s f a c t o r y  recording.  
It appeared, however, t h a t  t h e r e  were no a f te rd ischarges  fol lowing s t imu la t ion  
i n  these  areas. 

I n  summary, p o s t e r i x  focus se l f - s t imu la t ion  went t o o  fast f o r  r e c m d -  
ing; a n t e r i o r  s e l f - s t i m u l a t i m  yielded s i n g l e  e p i l e p t i c - l i k e  discharges i n  
nearby areas t h a t  appeared i n  some cases "necessary" t o  maintain se l f -  
s t i m u l a t i m ,  bu t  i n  t h e s e  cases  there  w e r e  no after-discharges; i n  o ther  
cases  a n t e r i o r  s e l f - s t imu la t ion  yielded similar waves with a f te r -d ischarges ,  
and i n  t h i s  case,  pauses occurred during t h e  after-&ischarges. Olfactory-  
c o r t i c a l  s e l f - s t imu la t ion  i n  me s t ruc tu re  y ie lded  fu l l - f l edged  se i zu res  
t h a t  appeared t o  be p o s i t i v e l y  re inforc ing  because they  w e r e ,  i n  s eve ra l  
cases .  ' 'necessary'' t 3  continued se l f - s t imula t ion .  S imi l a r  s e l f - s t i m u l a t i m  
i n  a n e i g h b x i n g  s t r u c t u r e  s3metimes y ie lded  se i zu res  which appeared t o  be 
negat ive ly  r e i n f x c i n g  because they  brought s e l f - s t imu la t ion  t o  an abrupt  
h a l t  wi th  no resumption af ter  t h e  se izure  had subsided. 

I n t e r p r e t i n g  t h e i r  work, P x t e r  e l  al. (1959) mentioned t h e  "autogenic 
se izures"  i n  some e p i l e p t i c  chi ldren (BickI'ord e t  a l . ,  1953). 
t h e  p a t i e n t  appeared t o  s ta r t  h i s  own se i zu re  by causing a s t rong- l igh t  
f l i c k e r .  I n  a f e w  cases ,  t h i s  was r e l a t e d  t o  verbal r e p o r t s  of p leasure .  
H3wever ,  Po r t e r  and h i s  a s s o c i a t e s  a l s o  c i t e d  W i l l i a m s  (1956) t o  suggest 
t h a t  t h e  em9tional t m e  of t h e  aura depended on t h e  focus of t he  seizure. 
A s  t h e i r  self - s t imula t ion  occurred, more o f t en  t h a n  not ,  without even re -  
corded after-discharges , t h e  se i zu re  problem was probably not t h e  most i m -  
p r t a n t  aspec t  of t h e i r  c m t r l b u t i o n .  Rather ,  t h e  s i n g l e  sp ike  and slow-wave 
complex, which appeared e s s e n t i a l  t o  s e l f - s t imu la t ion  i n  c e r t a i n  cases ,  might 
have ind ica ted  a prototype o r  perhaps even a n  exaggerat ion of a necessary 
d i f f u s e  e l e c t r i c a l  event which might cha rac t e r i ze  t h e  several areas i n  
which c r u c i a l  consequences occurred after reward-stimulation. This might, 
i n  t h e  end, be most important as a way t o  i d e n t i f y  areas f o r  f u r t h e r  and more 
d e t a i l e d  s tudy of t h e  physiolDgica1 consequences of such s t imulat im.  

I n  these  cases ,  



One c3urse which a more de t a i l ed  s tudy might t ake  was indica ted  by t h e  
experiments on operant condi t ioning D f  s i ng le  -uni t  responses (Olds,  1%0c; 
Olds and Olds, 1961). 
yea r s  without y i e ld ing  c a t e g o r i c a l  r e s u l t s ,  were s t a r t e d  t o  determine whether 
s ing le -un i t  responses i n  t h e  motor c)r o the r  areas might be t r e a t e d  l i k e  p e r i -  
p h e r a l  responses i n  p x i t i v e  reinforcement tests.  I n  t h e  work a l r eady  re- 
por ted ,  a c i r c u i t  was arranged t o  make a b r i e f  t r a i n  of hy-potnalamic stimu- 
l a t i o n  occur as a regu la r  consequence of a given s ing le -un i t  response i n  order  
t o  l e a r n  whether t h i s  would cause the response t o  increase  i n  frequency and 
t o  occur eventua l ly  a t  a maximum r a t e .  

These experiments, which have been underway f o r  s e v e r a l  

R a t s  were prepared f i rs t  with s e l f  - s t imula t ion  e l ec t rodes  i n  o l f ac to ry -  
midbrain areas. 
rates w e r e  achieved, and no tendency t o  escape from s t imula t ion  w a s  p re sen t .  
R a t s  which f a i l e d  t o  meet t hese  requirements w e r e  e l imina ted .  
t h e n  p laced  i n  a s t e r e o t a x i c  instrument under b a r b i t u r a t e  anes thes i a .  A t re-  
p ine  opening, 3 mm. i n  diameter,  was made i n  t h e  s k u l l ;  t he  dura w a s  cu t  away 
and micr5electr3des of 1 ua i n  diameter (Green, 1958; Hubel, 1957; Wzdbarsht 
e t  a l . ,  1960) w e r e  lowered i n t o  the b ra in .  

Prel iminary tes ts  es tab l i shed  t h a t  very high self - s t imula t ion  

Each rat was 

A s  t h e  animal, s t i l l  i n  t h e  s t e reo tax ic  instrument,  recovered from the 
b a r b i t u r a t e  anes thes i a ,  it was given repea ted  doses of meprobamate o r  ca r -  
i soprodol  (S3ma, Wallace Labora tor ies ) .  
w a s  repeated whenever t h e  animal showed any tendency t o  t r y  t o  escape from 
t h e  instrument .  Previous tests had shown t h a t  a n  almost para lyz ing  dose of 
t hese  drugs f a i l e d  t o  b lock  se l f - s t imu la t ion  (Olds and Trav i s ,  1959). From 
t h i s  p o i n t  on, t h e  e l ec t rode  was posi t ioned downward through the  cor tex ,  hippo- 
campal formation, thalamus, and s o  f o r t h ,  s topping whenever a c l e a r  spon- 
taneous response appeared. Responses appeared as 200- t o  5OO-pv negat ive 
sp ikes ,  l a s t i n g  about l m s e c ;  t h e y  were amplif ied and displayed on a cathode 
r a y  osc i l loscope .  

E i t h e r  dose was 80 mg/kg. The dosage 

Unit  responses were not considered s a t i s f a c t o r y  f o r  t he  experiments if  
t h e i r  r e s t i n g  frequency was m3re than about 2 pe r  second. Responses w e r e  
p r e f e r r e d  if t h e i r  r e s t i n g  frequency w a s  something less than  1 per  second; 
when such a response was observed, a three-step experiment w a s  performed. 

F i r s t ,  after s e v e r a l  minutes of wai t ing ,  a 30-see record  was made of 
t h e  spontaneous rate of the u n i t  response.  
ccmditioning) tes t  w a s  made. A s e r i e s  of twenty +-set t r a i n s  of s t imu la t ion  
( s i n e  wave 60 cycle  per second, 50 pa) was introduced v i a  t h e  olfactory-mid- 
b r a i n  e l ec t rodes  a t  a r e p e t i t i o n  r a t e  of about one every 2 seconds. I n  t h i s  
f i r s t  t es t ,  an e x p l i c i t  e f f o r t  was made t o  stimulate only i n  t h e  absence of 
s ing le -un i t  responses .  A second 30-sec record  of a c t i v i t y  w a s  made immediately 
after t h e  t es t .  I n  t h e  event  of e l i c i t e d  e f f e c t s ,  each s t imu la t ion  produced 
a s e r i e s  o f  r e s p m s e s  from the uni t ,  and n3 f u r t h e r  t es t s  w e r e  made. The 
micr9electr3de was then  advanced u n t i l  a new u n i t  r e s p x s e  appeared; i f  e l i -  
c i t e d  e f f e c t s  were not  f x n d ,  t he  experiment continued. Third,  a r e in fo rce -  
ment t es t  was made. The experimenter waited f o r  a s ing le -un i t  response and, 
each t i m e  it appeared, immediately del ivered a s t imulus t o  t h e  hypothalamus. 
When th i s  was done by hand, it was usua l ly  appl ied  after each appearance of 
t h e  response,  with a de lay  of l e s s  than -$-set ( t h i s  was t h e  exper imenter ' s  

Second, an e l i c i t a t i o n  ( o r  pseudo- 
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r e s p m s e  t i m e ) .  

I n  a successfu l  p x i t i v e - r e i n f w c e m e n t  t e s t ,  t h e  s ing le -un i t  r e s p m s e  
rate vas g r e a t l y  augmented by t h i s  reinforcement p r x e d u r e .  The increased 
rate 3u t l a s t ed  t h e  p r x e d u r e  by a var iab le  per iod of t i m e .  
t h i s  procedure,  a t h i r d  30-see record 2f t h e  u n i t ' s  a c t i v i t y  was made. It 
w a s  t h e  comparison of t he  th ree  30-sec r e c x d s  t h a t  c3mprised t h e  da ta .  

Immediately after 

With micr3electrodes i n  neo-cort ical  areas, t h e r e  w e r e  no successfu l  
With m i c r o e l e c t r d e s  posi t ive-reinforcement  tests by t h i s  slmpie inethod. 

i n  o l f a c t o r y - c o r t i c a l  areas and i n  some r e l a t e d  s u b c o r t i c a l  s t r u c t u r e s ,  nun- 
erms success fu l  px i t i ve - r e in fo rcemen t  t es t s  w e r e  Dbserved. These took 
three forms: (1) simple augmentation of  t h e  response rate of a sporad ica l ly  
f i r i n g  u n i t ;  (2)  conversion of a spwad ic  grouped response p a t t e r n  t o  a 
p a t t e r n  of continuous f i r i n g ;  and ( 3 )  e l i c i t a t i o n  o f  a c t i v i t y  immediately 
after s t i m u l a t i m ,  bu t  m l y  when t h i s  was given as a reinforcement.  

The most s t r i k i n g  cases  w e r e  of t h e  second type .  They w e r e  recorded 
mostly from s t r u c t u r e s  D f  an Dlfac tory-cor t ica l  c i r c u i t  which appeared t o  
be "seizure-prone'' 3n 2ther  tests.  
r e spmding  i n  a spgradic  p a t t e r n  with s i n g l e  responses or  groups appearing 
a t  less than  one per  second. When i n t r d u c e d  during s i l e n t  per igds ,  s t i -  
mulation d id  n2t  cause any e l i c i t e d  f i r i n g .  Such a s t imu la t ion  could be 
continued f o r  per iods  of f i v e  minutes o r  more without m a t e r i a l l y  augmenting 
response r a t e s .  Then, if t h e  s t imula t ion  was withheld and de l ivered  only 
after t h e  appearance of a s ing le  or a grouped response,  f i v e  t o  twenty re-  
inforcements would o f t en  s u f f i c e  t o  cause a sudden burst o f  a c t i v i t y ;  t h e  
u n i t  would then  respond con t inums ly  a t  rates as h igh  as 30 per second. This 
b u r s t  would sometimes last f o r  a period 3f only s e v e r a l  minutes.  The ampli- 
tude o f  t he  supposed u n i t  response would o f t en  decrease i n  o rde r ly  f a sh ion  
during t h i s  per iod .  Then, t h e  uni t  response wmld disappear  f o r  a per iod  
D f  s 3 m e  minutes, t s  r e t u r n  a t  the  Driginal amplitude and frequency. From 
t h i s  po in t  m, however, t h e  s t imulus,  even i f  presented  during s i l e n t  pe- 
r i 3 d s ,  would e l i c i t  a b u r s t  D f  r espmding .  It was as i f  some i r r e v e r s i b l e  
change now l inked  t h i s  r e s p m s e  t o  the a r e a  of  s t imu la t ion .  

I n  these  cases ,  t h e  u n i t  w a s  o r i g i n a l l y  

I n  o ther  cases ,  t h e  r e p e t i t i v e  a c t i v i t y  d id  not  decrease o r  d i sappear ,  
bu t  continued a t  a high l e v e l  f o r  l m g  per iods .  I n  t h e s e  cases ,  it appeared 
t h a t  t he  reinforcement procedure might have made a more o r  less l a s t i n g  change 
i n  t h e  spontaneous discharge of t h e  u n i t  i n  quest ion.  

The m o s t  quest ionable  aspec t  of t hese  da t a  der ived from t h e  anes thes i a  
used; s t imu la t ion  of t h e  olfactory-midbrain system almost d e f i n i t e l y  counter-  
ac t ed  b a r b i t u r a t e  and meprobamate states, and t h i s  could have accounted f o r  
augmentation i n  response rates produced by s t imu la t ion .  It was a l s o  suggested 
t h a t  increments i n  blood pressure  might e a s i l y  be involved. The results w e r e  
no t  r e g u l a r l y  repr3ducible  under drugs such as curare  which temporar i ly  para-  
lyzed t h e  animal. This w a s  no t  su rp r i s ing ,  as animals under pa in  or  stress 
d i d  not  s e l f - s t imu la t e  (Olds and Olds, 1962); and t h e  paralyzed animal was 
always under stress. But t he  necess i ty  f o r  a pa in - re l i ev ing  agent ,  which had 
i t s  e f f e c t s  reversed by s t imu la t ion ,  forced  t h e  experiment t o  r e l y  heavi ly  on 
t h e  prel iminary uncorre la ted  stimulus con t ro l .  If t h e  uncorre la ted  s t imulus 
f a i l e d  t o  augment u n i t  responses but t h e  co r re l a t ed  stimulus caused augment- 
a t i o n ,  then  t h e  resu l t  seemed c l e a r .  Hmever,  e l i c i t a t i o n  d i d  sometimes oc- 
cur ,  perhaps as f r equen t ly  as reinforcement.  Thus t h e  p o s s i b i l i t y  always re- 



t h a t  i n  t h e  r e i n f x c i n g  cases ,  e l i c i t a t i o n  tests were simply stopped t o o  soon 
f o r  t h e  given l e v e l s  of anes thes i a .  If e l i c i t a t i o n  tests could be made a se- 
cond t i m e  after reinforcement t es t s ,  t h e  d i f f i c u l t y  would be circumvented. 
But it was usua l ly  impossible t o  reverse  the  procedure.  This was not  sur- 
p r i s i n g ;  animals t h a t  l earned  and  extinguished a l e v e r  response f o r  b r a i n  
shock reward re turned  t r ,  responding when given a free series of t r a i n s ;  after 
condi t ion ing  and e x t i n c t i o n ,  t h e  r e in fo rc ing  s t imulus o f t en  e l i c i t e d  t h e  i n s -  
t rumenta l  response.  On t h e  o ther  hand, it made the proof of reinforcement,  
as d i s t l n c t  from e l i z i t a t i o a ,  a l l  the -,=re d i f f i c u l t .  

F3ur methods are being used p resen t ly  t o  circumvent t h e  problem. F i r s t  
i s  the search  f o r  anatomical d i s t i n c t i o n s ;  if it is  p o s s i b l e  t o  discover  an  
e a s i l y  repea tab le  arrangement of s t imula t ing  and record ing  e l ec t rodes ,  such 
t h a t  e i i c i t a t i o n  never occurs at a l i ,  and if reinforcement can be shvwri reg- 
u l a r l y  with t h e  same arrangement, then t h e  demonstration w i l l  be d e f i n i t e .  
Secmd i s  t h e  double-barreled recording of experimental  and c o n t r o l  u n i t s  
f r o m  t h e  same general  area at  the  same time; i n  t h i s  case,  e l i c i t a t i o n  ap- 
p l ies  equa l ly  t o  both  u n i t s ,  bu t  reinforcement applies only i n  the  c o r r e l a t e d  
case.  Third i s  t h e  attempt t o  produce f u l l  r e v e r s a l  of  t h e  response p a t t e r n  
by means of an  automatic s t imu la tg r ,  which, under reverse  condi t ions ,  rewards 
t h e  animal only after a pe r iod  D f  no response.  Fourth is  t h e  use of chronic 
implantat ion of microelectrodes t o  dispense with anes thes i a  and r e s t r a i n t .  

That t h e  experiment might have a good l ike l ihood  of even tua l ly  y i e ld ing  
a d e f i n i t e  proof of  operant condi t ioning of u n i t  responses,  and t h a t  it might 
be poss ib l e  t o  r e in fo rce  u n i t  responses i n  qu i t e  a wide b r a i n  area, w a s  sug- 
ges ted  by t h e  r e l a t i v e  case wi th  which the same response could be recorded 
f o r  very  long  per iods  of t i m e  (sometimes several days) i f  t h e  reinforcement 
p r x e d u r e  w a s  used. Under no s t imula t ion  o r  uncorre la ted  s t imula t ion ,  res- 
ponses r e g u l a r l y  disappeared wi th in  t h e  first hour .  

E f f e c t s  of Drum on E l e c t r i c  Se l f -S t imula t ion  

A series of pharmacological s tud ie s  of s e l f - s t i m u l a t i o n  has  been under- 
taken t o  t e s t  t h e  hypgthesis  tha t  the suppression of s e l f - s t i m u l a t i o n  may be 
a common proper ty  of chemicals t h a t  success fu l ly  c o n t r o l  psychot ic  a g i t a t i o n .  
This view was der ived p a r t l y  f r o m  the s a t i a t i o n  tests mentioned e a r l i e r  
(1958c), which ind ica t ed  that  animals wi th  hypothalamic e l ec t rodes  self-s t i -  
mulated t r ,  exhaust ion,  responding f o r  per iods  over 2L hours .  "his uncont ro l led  
response made it appear t h a t  a pos i t i ve  feedback process  was poss ib ly  involved, 
a process  which grew t o  a m a x i m u m  state and continued t h e r e  in s t ead  of l e v e l -  
ing  of f  a t  an optimum state (negat ive feedback) .  Such a process  would con- 
s t i t u t e  a danger t o  t h e  organism because it would trap t h e  animal i n  a uni -  
d i r e c t i o n a l  behavior .  This suggested an a l t e r n a t i v e  t o  t h e  popular  not ion 
t h a t  an excess  of  sympathetic a c t i v i t y  might unde r l i e  psychot ic  a g i t a t i o n  
(BrDdie and Shore, 1957). Many episodes of  psychot ic  a g i t a t i o n  might have 
qu i t e  a d i f f e r e n t  e t io logy ,  namely, an excessive p o s i t i v e  feedback process  
subserving p o s i t i v e  reinforcement mechanisms. 
po thes i s  t h a t  chemicals which successfu l ly  c o n t r o l  psychot ic  a g i t a t i o n  would 
a l s o  suppress se l f - s t imu la t ion .  

A c o r o l l a r y  would be t h e  hy- 

39 



preaximq- r e p x t s  (Olds ,  1957; 1-959~; Oids e t  al. 7 ~ y p ;  n8-T 1.957) i n d i -  
ca ted  t h a t  r e se rp ine  ar;d chloqromazine,  which have been use fu l  i n  t h e  con- 
t r o l  3f psychot ic  a g i t a t i o n ,  suppressed se l f - s t imu la t ion ,  and that pento- 
b a r b i t a l  and meprzbamate, which have l i t t l e  value i n  p s y c h x i s ,  d id  nDt. It 
w a s  a l s o  ind ica t ed  t h a t  reserpine and chlx-pmrnazine s e e m e d  t.9 have d i f f e r e ~ t  
e f f e c t s  on self - s t imula t ion ,  depending 3n e lec t rgde  s i tes  (Olds e t  a l . ,  1956; 
1957). This  l e d  t o  t h e  hope t h a t  t h e r e  might be drugs s p e c i f i c  t o  c e r t a i n  
drive-reward systems i n  t h e  b r a i n ,  a hope not  y e t  r e a l i z e d  i n  experimenta- 
t i o n .  

Understanding of chlorpromazine a c t i o n  i n  rats was g r e a t l y  advanced when 
it was compared with meprobamate , pentobarb i ta l ,  and morphine i n  combinat im 
approach-escape tests which used rewarding and punishing e l ec t rodes  i n  t h e  
same animal (Olds and Travis ,  1960; Olds and Olds, 1964). Chlorpromazine h a l t -  
ed self - s t imula t ion  behavior i n  2-mg/kg doses t h a t  permi t ted  escape behavior 
t o  cont inue.  Pen toba rb i t a l  and mepmbamate had j u s t  t h e  opposi te  e f f e c t ,  h a l t -  
i n g  escape b e h a v i x  i n  doses t h a t  allowed s e l f - s t i m u l a t i m  t o  continue; t h e  
doses w e r e  20 and 80 mg/kg, respec t ive ly .  
self - s t imula t ion  and escape behavior at  t h e  same 8-mg/kg dosage. 

Mx-phine f e l l  i n  between, h a l t i n g  

The appearance of s e l e c t i v e  ac t ion  aga ins t  p o s i t i v e  reinforcement 
achieved with chlorpromazine i n  t h i s  experiment was s u p e r f i c i a l l y  i n  c o n f l i c t  
with o the r  r e p x t s  (Cook and Weidley, 1957; Gavlitchek, 1958) which suggested 
that the drug ac t ed  s e l e c t i v e l y  aga ins t  avoidance or  defensive mechanisms. 
However, when t h e  e f f e c t s  of chlorpmmazine on t h e  approach-escape tes t  and 
on t h e  avoidance and defensive reac t ions  w e r e  viewed i n  more d e t a i l ,  t h e  
apparent c o n f l i c t  disappeared (Olds, 1962, i n  press, 1964; S t e i n ,  i n  p re s s ,  
1964b).  I n  a l l  cases  chlorpromazine a c t e d  s e l e c t i v e l y  aga ins t  t h e  voluntary 
o r  a n t i c i p a t o r y  component of  behaviw.  I n  almost a l l  negative-reinforcement 
t es t s  t h e  animal could heed a warning s i g n a l  and, by s 3 m e  preparatory re-  
s p n s e ,  avoid o r  diminish t h e  negative reinforcement.  It was avoidance be-  
havior  with t h i s  a n t i c i p a t o r y  character  t h a t  disapTeared under chl:,rpromazine. 
All se l f - s t imu la t ion  behavior a l s o  had t h i s  a n t i c l p a t o r y  cha rac t e r ,  as t h e  
animal was never s t imula ted  u n t i l  a f t e r  t h e  respmse occurred; and a l l  self-  
s t imu la t ion  behavior disappeared under chlorpromazine. 

I n  i t s  a c t i o n  on avoidance and se l f - s t imu la t ion  mechanisms, chlorpromazine 
had almost t h e  same e f f e c t s  as spreading c o r t i c a l  depression (Burgs e t  a l . ,  
1961; Olds, 1962) 
voluntary  o r  learned  component :,f the escape response.  If t h e  e x p l a n a t i m  
p r q n s e d  earlier f o r  t h e  a c t i o n  of spreading depression w a s  v a l i d ,  namely, 
t h a t  s e l f - s t imu la t ion  and t h e  learned component of t h e  tegmental  escape re- 
sponse were both  sus t a ined  by a c t i v i t y  D f  t h e  same lateral hypothalamic sys- 
t e m ,  then  t h e  drug da ta  suggest that chlorpromazine ac t ed  s e l e c t i v e l y  t:, 
antagonize o r  raise t h e  th re sho lds  3f t h i s  system. 

It terminated se l f - s t imu la t ion  a l t o g e t h e r ,  as w e l l  as t h e  

Whether t h e  s e l e c t i v e  a c t i o n  of chlorpromazine aga ins t  t h e  la teral  hyp3- 
thalamic system was r e l a t e d  t 3  i ts  ant i -psychot ic  p r o p e r t i e s  could not  be 
determined d i r e c t l y  because knowledge of neu ra l  mechanism w a s  t o o  spa r se .  
d i r e c t  evidence, however, was drawn by e x r e l a t i n g  da ta  on t h e  two kinds of 
e f f e c t s  
z ine and t r i f lupromazine were m m e  e f f i c a c i m s  than  chlorpromazine a g a i n s t  
psychot ic  symptoms, and t h a t  pmmethazine and promazine w e r e  of quest ionable  
value i n  t r e a t i n g  t h e s e  symptoms. Chlorpromazine i t se l f  f e l l  between these  
t w o  extremes. It w a s  i n t e r e s t i n g ,  therefore ,  t h a t  t h e s e  phenothiazenes w e r e  

In-  

Bennett (1959) c i t e d  evidence support ing t h e  view t h a t  prochlorpera-  
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- similar ly  ar rayed  i n  t h e i r  antagonism t o  s e l f - s t i m u l a t i o n  (Olds and Travis ,  
i;lnpublished s b s e r v a t i m )  
dose range was used with a l l  compounds. Promethazine augmented self -stimu- 
l a t i o n .  Pmmazine had no e f f i cacy  a t  a l l .  Chlorpromazine e f f e c t i v e l y  antag-  
m i z e d  self - s t imula t ion  at  2.0 mg/kg. Pmchlorperaz ine  and t r i f l u o p e r a z i n e  
(a t r i f lupromazine- l ike  compound) were extremely e f f i c a c i o u s  aga ins t  t h e  be- 
havior  even a t  0 .5  mg/kg. 

12 these  tests with rats, t h e  0.5- t o  2.0-mg/kg 

A series of simple bu t  ingenious tests by S t e i n  and o thers  made it qu i t e  
c l e a r  t h e  chlorpromazine and possibly o the r  phenothiazenes ac ted  s p e c i f i c a l l y  
t 3  c x n % e r a c t  the la te ra l  hy-ptki&laiil~ system by r a i s i n g  thresholds ,  and that 
some a n t i d e p r e s s a n t  compunds had opposite e f f e c t s ,  f a c i l i t a t i n g  t h e  same 
system by reducing thresholds .  One method permi t ted  t h e  animal t o  ind ica t e  
i t s  own threshold  (S te in  and Ray, 1.960). 
duced i n  i n t e n s i t y  by a s m a l l  step. 
between a moderately rewarding t o p  value and zero.  A second l e v e r  could be 
operated a t  any t i m e  t o  reset  t h e  current  t o  t h e  t o p  step; but  t h e  animal had 
t o  t ake  t i m e  off from se l f - s t imu la t ion  t o  do t h i s .  The tes t  animal operated 
t h e  s t imu la t ion  l e v e r  u n t i l  t h e  cur ren t  was dr iven  down t o  a nonrewarding ( o r  
less  rewarding) l e v e l  and then  ind ica ted  t h i s  l e v e l  by opera t ing  t h e  reset. 
I n  t h i s  way t h e  animal repea ted ly  ind ica ted  the "reset" s t imulus level and 
thereby  permit ted a continuous recording of t hese  " thresholds"  over a per iod  
of t ime.  

Each successive b r a i n  shock was re- 
There w e r e  15 or  20 equal  cu r ren t  s t e p s  

Chlorpromazine a t  t h e  low dosage of 1.5 mg/kg i n  rat caused a d i s t i n c t  
rise i n  t h r e s h d d s  with no cessa t ion  of responding. More a c t i v e  phenothia- 
z ines ,  proketazine,  and t r i f l u o p e r a z i n e  caused self - s t imula t ion  t o  cease i n  
9.6 mg/kg doses and the re fo re  t h e  e f f e c t  of these on th re sho lds  was not  estab- 
l i s h e d  (S te in ,  1961). 
press, 1964a), amphetamine a t  0.75 and 1 mg/kg caused a marked f a l l  i n  th re sh -  
o lds ,  although it w a s  sometmes no t  qu i t e  c l e a r  whether animals under amphet- 
amine showed a wi l l ingness  t o  respond without any reward at a l l .  Other 
"psycho-stimulants," crJcaine and caf fe ine ,  had e f f e c t s  s i m i l a r  t o  those  of 
amphetmine, bu t  t h e  s t imulant  drugs, p i c r3 tox in ,  s t rychnine ,  and n i c o t i n e  
d i d  no t  f a l l  i n  t h i s  category (S te in ,  1962~). The b a r b i t u r a t e s ,  pentobarbi-  
t a l  a t  10 mg/kg, and phenobarb i ta l  a t  30 mg/kg, bo th  y i e lded  unquestionable 
f a c i l i t a t i o n  of t h e  s e l f - s t i m u l a t i o n  response by causing a d e f i n i t e  lowering 
o f  th reshglds  (S te in ,  1961). 

On t h e  ant i -depressant  s i d e  (S te in ,  1961; 1 9 6 2 ~ ;  i n  

I n  a f u r t h e r  s tudy  ( S t e i n  and S e i f t e r ,  1961b) involving concurrent self-  
s t imu la t ion  a t  two rewarding e lec t rode  s i tes ,  S t e i n  produced some confirmation 
of t h e  f i n d i n g  t h a t  chlorpromazine r a i sed  s e l f - s t i m u l a t i o n  thresholds  and t h a t  
amphetamine compounds caused them t o  fa l l .  I n  concurrent two-pedal, two-elec- 
t rode  self - s t imula t ion  tests, e l e c t r i c  cu r ren t  w a s  se t  cons ide ra t e ly  above 
threshold  i n  a non-preferred anterior hmothalamic l o c a t i o n  and just  on the 
verge of th reshold  i n  a p re fe r r ed  pos t e r io r  hypothalamic p o s i t i o n .  The d i f -  
fe rence  between these  two s e t t i n g s  caused t h e  animal t o  d i s t r i b u t e  responses  
evenly between t h e  two l e v e r s .  In  t h i s  case any drug which merely a c t i v a t e d  
o r  qu ie ted  without changing thresholds  a t  t h e  s t imu la t ion  s i tes  would have 
caused equal  msdi f ica t ion  on both l eve r s .  
r a i s e d  thresholds ,  it would cause a s h i f t  away from t h e  bo rde r l ine  threshold  
e l ec t rode  and if it s p e c i f i c a l l y  lowered th re sho ld ,  it would cause a s h i f t  
toward t h i s  same e lec t rode  which was p re fe r r ed  at suprathreshold va lues .  I n  
t h i s  s i t u a t i o n ,  metamphetamine proved t o  have s e l e c t i v e  e f f e c t  i n  lowering 
th re sho lds ,  ? . e . ,  s e n s i t i z i n g  t h e  reward system; and chlorpromazine had t h e  
opp3si te  e f f e c t ,  r a i s i n g  th re sho lds  o r  d e s e n s i t i z i n g  t h e  system. 

B u t  i f  a chenica l  s p e c i f i c a l l y  
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I n  another  s tudy,  S t e i n  and Seifter ( S t e i n ,  1952b; S t e i n  2nd S e i f t e r ,  
1961a) analyzed t h e  parad3xical  drug 3f t h e  phenathiazine family,  imipramine, 
which appeared t o  counteract  psychotic depression r a t h e r  than  psychot ic  a g i t a -  
t i m  when t e s t e d  c l i n i c a l l y .  I n  these  s t u d i e s  a se l f - s t imu la t ing  rat was 
t e s t e d  f i rs t  with the  e l e c t r i c  st imulus jus t  above threshold  l e v e l s .  Both 
chlorpromazine and imipramine depressed r e spmding .  Then a second tes t  was 
made with t h e  e l e c t r i c i t y  se t  below threshold ;  n e i t h e r  chlorpromazine nor 
imipramine w a s  e f f i c a c i o u s .  But amphetamine appl ied  during t h e  subthreshold 
tes ts  lowered thresholds  and caused se l f - s t imu la t ion  t o  occur.  I n  cases  where 
&aphetaiTil& TiIduced resymding ,  ai i1iJectiori of chlorprmxzi i ie  antagonized the 
s e l f - s t i m u l a t i o n  behavior bu t  imipramine g r e a t l y  f a c i l i t a t e d  it. The au thors  
cmcluded  t h a t  amphetamine ac ted  centrally by mimicking t h e  adrenerg ic  ca techol  
amines, which were thx igh t  t o  be the  normal s t imu la to r s  of t he  reward system. 
Chlorpromazine was thought t o  a c t  c e n t r a l l y  by blocking these  same adrenerg ic  
mechanisms, and imipramine was s a i d  t o  be e f f i c a c i o u s  by favorably  inf luenc ing  
adrenerg ic  a c t i v i t y  i n  t h e  reward system. 

The v i e w  t h a t  compounds might be s e l e c t i v e  an tagon i s t s  or  s y n e r g i s t s  of 
t h e  reward system i n s o f a r  as they  had t h e s e  same r e l a t i o n  t o  adrenerg ic  mech- 
anisms was p a r t l y  supported by other work comparing chlorpromazine with amptret- 
amine compounds . Miller (1957%) used t h e  ambivalent response mentioned earlier 
(Bower and Mil ler ,  1958) t o  t es t  chlorpromazine and methamphetamine f o r  ef-  
f e c t s  on rewards and escape behaviors.  He t e s t e d  with two pedals ,  one t o  
t u r n  on t h e  ambivalent s t imulus,  t h e  o the r  t o  t u r n  it o f f .  Animals moved 
r e g u l a r l y  back and f o r t h  tu rn ing  the  stimulus on and o f f .  
2 mg/kg caused a slowing of t h i s  s h u t t l i n g  behavior,  a dec l ine  which s t a r t e d  
45 minutes after i n j e c t i o n  and l a s t e d  f o r  more t han  45 minutes.  
( 4  mg/kg) caused a similar dec l ine  which s t a r t e d  1 5  minutes after i n j e c t i o n  
and l a s t e d  more than  75 minutes.  On t h e  sur face  t h e  two depressions looked 
similar. When t h e  d a t a  w e r e  analyzed i n  terms of speed of t h e  turn-on and 
turn-of f  behaviors ,  however, a r a d i c a l  d i f f e rence  w a s  shown. Methamphetamine 
caused t h e  tnrn-of f  response t o  slow with the  turn-on response as fast as ever. 
Chlorpromazine caused g r e a t  slowing i n  t h e  turn-on response with t h e  turn-of f  
response s t i l l  occurr ing q u i t e  rap id ly .  Thus methamphetamine s e l e c t i v e l y  de- 
pressed  t h e  escape tendency. Chlorpromazine s e l e c t i v e l y  depressed t h e  reward 
behavior .  
demonstrated i n  another  s tudy (Olds, 1-959~). This showed t h a t  t h e  slow se l f -  
s t imu la t ion  produced with ambivalent e l e c t r o d e s  could be transformed t o  very  
raped se l f - s t imu la t ion  by a n  i n j e c t i o n  of amphetamine. A similar a c t i o n  w a s  
demonstrated f o r  meprobamate (80 mg/kg) . 

Methamphetamine a t  

Chlorpromazine 

A similar s e l e c t i v e  ac t ion  f o r  amphetamine ( 3  mg/kg) i n  rats was 

I n  o ther  experiments (Olds and Olds, 1964; Olds e t  a l . ,  1964), t h e  ef - 
f e c t s  of t hese  drugs were assessed  "simultaneously" on two d i f f e r e n t  behaviors  
evoked i n  t h e  same animal. Two e l ec t rode  pairs w e r e  implanted i n  a l l  rats. 
I n  me experiment (Olds and Olds, 1964), t h e r e  w a s  a s e l f - s t i m u l a t i o n  e l e c -  
t r o d e  i n  olfactory-midbrain pathways and an  ''escape" e l ec t rode  i n  per iven-  
t r i c u l a r  pathways of the midbrain.  S e l f - s t i m u l a t i m  and escape behaviors  w e r e  
t e s t e d  during a l t e r n a t i n g  4-minute per iods.  The a l t e r n a t i o n  w a s  continued f o r  
s e v e r a l  hours s o  t h a t  during t h e  time course of a drug e f f e c t  each behavior 
would be t e s t e d  repea ted ly .  Chlorpromazine (1 t o  2 mg/kg) caused l a r g e  deple-  
t i o n s  of s e l f - s t imu la t ion  and somewhat milder  d e p l e t i m s  of escape behavior . '  
Mepmbamate (60-100 mg/kg) caused similar reduct ions  i n  escape behavior ,  bu t  
only very b r i e f  depressions of s e l f - s t imu la t ion .  LSD caused s i m i l a r  b r i e f  
reduct ions  i n  se l f - s t imu la t ion  wi th  no changes i n  escape behavior .  D-Amphet- 
amine (2-3 mg/kg) augmented some s l o w  se l f - s t imu la t ion  but  slowed some very  
fast se l f - s t imu la t ion ,  and augmented operant  escape behavior .  I n  another  ex- 
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neriment ,  P t h e r e  w a s  an escape e l e c t r d e  i n  p e r i v e n t r i c i d a r  pa thmys  of t.he 
midbrain and another  escape e lec t rode  i n  p e r i v e n t r i c u l a r  pathways of t h e  
thalamus. Escape behavior evoked by thalamic s t imu la t ion  w a s  r e g u l a r l y  far 
m q r e  resistant t:, an tagon i s t i c  e f f ec t s  of chlorpromazine and mepr2bamate than  
t h e  same b e h a v i x  evoked by s t i m u l a t i m  o f  t h e  midbrain.  

LSD-25, t h e  v i d e n t l y  psychotomimetic compound which, l i k e  amphetamine, 
may be a monmine-oxidase  i n h i b i t o r  and therefore  might be expected t o  f a c i -  
l i t a t e  adrenergic  mechanisms, caused a b r i e f  dec l ine  i n  self - s t imula t ion  when 
i t  was adminis tered a t  0.2 mg;/kg (Olds, 1959~;  Olds e t  a:. , 1957; Olds and 
Olds, 1964). 
(BOL) , which has no psychotomimetic p rope r t i e s .  
BOL i s  kept  out  o f  t he  b r a i n  by a "blood b r a i n  b a r r i e r . "  
tests (Olds, 1958f; Olds e t  a l . ,  1957), it sometimes mimicked LSD's ac t ion ,  
h a l t i n g  se l f - s t imu la t ion  a t  some e l ec t r ade  sites (9 .5  mgjkgj, yet it failed 
t o  mimic LSD when probes were i n  other s i t e s .  

Angther s i m i l a r  compound i s  LSD's c lose  relative, bromo-LSD 
S9me researchers  t h i n k  that 

I n  se l f - s t imu la t ion  

The e f f e c t  of BOL may be r e l a t e d  t o  t h a t  of s e ro ton in ,  a c lose  r e l a t i v e  
gf  t h e  adrenergic  ca techol  amines. Serotonin i s  a l s o  thought t o  have an ex- 
c i t a t o r y  o r  i n h i b i t o r y  inf luence  of me s o r t  o r  another  on t h e  t r a n s m i t t e r  
a c t i o n  i n  the hypothalamus. It w a s  implicated a n t a g o n i s t i c a l l y  i n  many of 
LSD's a c t i o n s  outs ide t h e  CNS but  it apparent ly  does not  c ros s  e a s i l y  from 
t h e  blood i n t o  t h e  b r a i n .  Some th ink  it, too ,  i s  stopped by a "blood b r a i n  
b a r r i e r . "  I n  s e l f - s t i m u l a t i o n  tes ts ,  se ro tonin  (9.9 rng/kg) had no e f f e c t  of 
i t s  own, bu t  it counteracted the LSD e f f e c t  with some e l ec t rode  placements, 
which w e r e  p r e c i s e l y  the s i t e s  no t  a f fec ted  by BOL. One might guess t h a t  i f  
t h e  e l ec t rodes  w e r e  p lan ted  i n  areas where some "ba r r i e r "  prevented an  a c t i o n  
of BOL, t hen  se ro ton in  had caused tha t  same b a r r i e r  t o  prevent  t h e  LSD e f f e c t .  

To summarize t h i s  e a r l y  work on t h e  pharmacology of s e l f - s t imu la t ion ,  
t h e  most s u r p r i s i n g  outcome was the f a c t  t h a t  t h e  ''new" t r a n q u i l i z e r s  includ-  
ing  r e s e r p i n s  and s e v e r a l  t r a n q u i l i z i n g  phenothiazenes such as chlorpromazine 
seemed t o  have a " spec i f i c "  e f f e c t  i n  counter ing se l f - s t imu la t ion  whereas t h e  
o lde r  b a r b i t u r a t e s ,  a long with alcohal  (unpublished observa t ions)  and mepro- 
bamate, could be b u i l t  up t:, l e v e l s  producing ataxia without impairing the  
s e l f - s t i m u l a t i o n  behavior .  On t h e  other s ide of t h e  same p i c t u r e ,  new and 
o l d  psychological  ene rg ize r s  seemed t o  augment s e l f - s t i m u l a t i o n  bu t  t h e  ex-  
a c t  relatims were unc lear .  Amphetamine and ca f f e ine  exh ib i t ed ,  i n  some ex- 
periments bu t  not  i n  o the r s ,  a s p e c i f i c a l l y  s y n e r g i s t i c  i n t e r a c t i o n  wi th  self 
s t imu la t ion .  Imiprimine, t h e  paradoxical ly  a c t i v a t i n g  member of t h e  pheno- 
th iazene  family, p o t e n t i a t e d  augmentations produced by amphetamine bu t  i n -  
h i b i t e d  when given alone.  
f i rs t  of the rrnewtf an t idep res san t s ,  a l s o  augmented self  - s t imula t ion  i n  ce r -  
t a i n  combinations with o ther  drugs (Poschel and Ninteman, 1963; S t e i n ,  i n  
press, 1964a) 

Irponiazid (Olds, 1959b; Olds  and Olds, 1958), t h e  

While many drugs which ac t ed  s p e c i f i c a l l y  a g a i n s t  noxious s t imu la t ion  
and escape behavior ,  such as t h e  barbiturates, had miid t o  no e f f e c t s  aga ins t  
self -s t imulat ion,  it w a s  a l s o  c l e a r  t h a t  many drugs which " s p e c i f i c a l l y "  an- 
tagonized se l f - s t imu la t ion  a l s o  " spec i f i ca l ly"  antagonized avers ive  behavior 
when t h e  problem was avoidance (Sidman, 1953; Cook and Weidley, 1957) r a t h e r n  
than  escape.  This l e d  t o  a ressurec t ion  of t h e  o ld  surmise that some common 
mechanism of operant reinforcement might ex is t  between p o s i t i v e  and negat ive ly  
motivated behaviors ,  provided an operant (nonref lex)  component was involved 
(Olds and Olds, i n  p r e s s ,  1964; S te in ,  i n  p re s s ,  1964b). 
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I n  a la ter  series 3f s t u d i e s ,  Stark and E2yd (1963) d i scx -e red  t h a t  per ipher -  
a l l y  i n j e c t e d  cmpounds which might be expected t:, augment c e n t r a l  l e v e l s  3f ace-  
t y loch9 l ine  had a de t r imenta l  e f f e c t  3n se l f - s t imu la t ion .  
PJinteman (1963) f m n d  t h a t  per iphera l ly  i n j e c t e d  compounds which caused augmenta- 
t i 3 n  2f c e n t r a l  ngrephinephrine l eve l s  had t h e  o p p x i t e  e f f e c t .  S t a r k  and B2yd 
(1963) made i n t r a v e n m s  app l i ca t ions  D f  physostigmine (which i s  e f f e c t i v e  both 
p e r i p h e r a l l y  and c e n t r a l l y )  and of neostigmine (which i s  e f f e c t i v e  pe r iphe ra l ly  
gnly)  as a contr31. B2th w x l d  be expected t o  augment a c e t y l c h o l i n e  l e v e l s  by 
i n h i b i t i n g  cho l ines t e ra se .  App l i ca t ims  of physostigmine caused self-stimula- 
t i o n  t 3  f a l l  t 3  cnance ieveis; neostigmine had no e f f e c t .  The view t h a t  c e n t r a l  
augmentation of ace ty lchol ine  was at the source D f  t h e  e f f e c t  w a s  bo l s t e red  by 
t h e  f a c t  t h a t  t h e  c e n t r a l l y  a c t i n g  acetylchol ine-antagonis t ,  a t rop ine ,  countered 

I t h e  effect ,  whereas a t r q i n e ' s  "peripheral-only" counterpar t ,  methylatropine,  
I f a i l e d  t o  counteract  t h e  e f f e c t .  These d a t a  c rea ted  the  s t rong  impression t h a t  

c e n t r a l  acetylcholine w a s  de t r imenta l  t 3  self - s t i m u l a t i m .  Pgschel and Ninteman 
(1963) used alpha-methyl-meta-tyrosine (MMT), "a drug which releases b r a i n  nore- 
pinephrine and dopamine without s i g n i f i c a n t  e f f e c t  3n b r a i n  s e r o t m i n , "  toge ther  
with a monoamine3xidase i n h i b i t o r  ( t o  prevent  t h e  l i b e r a t e d  norepinephrine from 
be ing  pxidized and sec re t ed )  The combination of t h e  t w o  (bu t  n e i t h e r  separa te -  
l y )  caused a g rea t  increment i n  se l f - s t imu la t ion .  S imi l a r  e f f e c t s  were obtained 
when t e t r abenz ine  (which r e l e a s e s  norepinephrine and se ro ton in )  w a s  s u b s t i t u t e d  
f o r  MMT. When these d a t a  on chol inerg ic  ( i . e . ,  ace ty l cho l ine - re l a t ed )  and adren- 
e r g i c  ( ? . e . ,  nx-epinephrine r e l a t e d )  drugs were viewed i n  t h e  oontext of t h e  pre- 
viously repor ted  i n h i b i t i o n  of  s e l f - s t imu la t ion  by chlorpromazine (which is a n t i -  
ad rene rg ic ) ,  and augmentation of s e l f - s t imu la t ion  by amphetamine and ip ron iaz id ,  
bo th  of which are, i n  one way or  m o t h e r ,  adrenergic  s y n e r g i s t s ,  the s t rong  i m -  
p re s s ion  was c rea t ed  that c e n t r a l  adrenergics  promoted and c e n t r a l  chol inerg ics  
counteracted se l f - s t imu la t ion  ( c f .  Carlton, 1963). The d a t a  frm c e n t r a l  a p p l i -  
ca t ion  s t u d i e s  (Olds e t  a l . ,  i n  press ,  1964) d id  not  support  t h i s  impression. 

Mxeover ,  P x c h e l  and 

I 
~ 

~ 

Se l f  -In je c t i on 
Direc t  Chemical St imulat ion 

I n  view of t h e  i m p l i c a t i m  drawn f r o m  pharmacological s t u d i e s  t h a t  t h e  01- 
f ac txy -midbra in  system might be p o s i t i v e l y  s e n s i t i v e  t o  adrenerg ic  s t i m u l a t i m  
and negat ive ly  s e n s i t i v e  t o  chol inergic  app l i ca t ions ,  it was s u r p r i s i n g  t h a t  
d i r e c t  chemical s t imu la t ion  s t u d i e s  gave evidence of e x a c t l y  t h e  opposi te  set 
of r e l a t i o n s h i p s  (Olds, Yuwiler, Olds, and Yun, 1964). 
amounts w e r e  d i r e c t l y  appl ied  i n  t h e  olfactory-midbrain pathway. E f f e c t s  on 
operant behavior rates of t h e  chronic animals were measured. The independent 
v a r i a b l e  w a s  t h e  chemical micro in jec t ion  which followed each response; t h e  
depende t va r i ab le  was response r a t e .  The volume of each micro in jec t ion  w a s  
3 x io-% ml; t h e  p H  w a s  7.2; a l l  so lu t ions  were a t  t h e  osmotic p re s su re  o f  i n -  
t e r s t i t i a l  f l u i d .  Se l f - s t imu la t ion  was caused by chol inerg ic  compounds and 
counteracted by adrenergic  chemicals and by sero tonin .  The chol inerg ic  compounds 
a c e t y l c h d i n e ,  carbamylcholine, and ace ty lcarne t ine  were used. The la t ter  two 
might be expected t o  mimic the  e f f e c t s  of ace ty l cho l ine  b u t  t o  be immune t o  
r ap id  i n a c t i v a t i o n  by t h e  chol ines te rase  o f  t h e  i n t e r s t i t i a l  f l u i d  of b r a i n .  BAh 
of t hese  compounds, bu t  no t  ace ty lchol ine ,  y ie lded  dependable s e l f - i n j e c t i o n  be-  
h a v i x .  
va ted .  

Chemicals i n  very small 

One may imagine t h a t  acetylchol ine f a i l e d  because it w a s  r a p i d l y  i n a c t i -  

S e l f - i n j e c t i o n  behavior w a s  also produced by a v a r i e t y  o f  compounds (many 
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- . :,f them endogenous) which withdrew i m i c  calcium from i n t e r s t i t i a l  f l u i d ;  it has 
long been kn:,wn t h e  nerves become spontaneously a c t i v e  i n  a calcium d e f i c i e n t  
f l u i d .  Phxpha te  , c i t r a t e ,  pyrzjphxphate and g the r  chemicals s t imulated by com- 
b i n i n g  with and the re fo re  dep le t ing  ion ic  calcium. S t imula t ion  by means of t hese  
"deplet:,rs" w a s  c m n t e r a c t e d  when epinephrine,  norepinephrine,  o r  se ro tonin  w a s  
mixed with the  dep le to r  s: , lutions.  Thus these  amines a l l  counteracted chemical 
s e  If -st i ~ ~ l z t  1 sr, . 

Thus the  p i c t u r e  produced by d i r e c t  a p p l i c a t i o n  of chemicals w a s  one of 
s t imu la t ion  of t he  olfactory-midbrain reward fxus by means of chol inerg ic  
compounds and counterac t ion  by means of adrenerg ic  ones. Three a l t e r n a t i v e s  
p re sen t  themselves t o  a tone  f o r  the d i r e c t  d i f f e rences  between the  impl ica t ions  
of t h e  pe r iphe ra l  a p p l i c a t i o n  s tud ie s  and those of t h e  c e n t r a l  app l i ca t ion  
f i n d i n g s .  It might be t h a t  per iphera l  adminis t ra t ion  of pro-chol inerg ic  com- 
pounds c rea ted  c e n t r a l  excesses  and the re fo re  reversed  e f f e c t s .  Another p o s s i -  
b i l i t y  w a s  t h a t  t h e  c e n t r a l l y  qTl . ie r l  che~icals ver? effective m f ibers  .&ere- 
as t h e  p e r i p h e r a l l y  appl ied  chemicals were e f f e c t i v e  on synapses. The t h i r d  
p o s s i b i l i t y  w a s  t h a t  negat ive feedback system might exist  i n  r e l a t i o n  t o  sym- 
pathomimetic (adrenerg ic)  and parasympathomimetic ( cho l ine rg ic )  neurohumors 
such t h a t  augmentation of e i t h e r  i n  the  blood stream p r d u c e d  a counter-react ion 
i n  t h e  hypothalamic, homeostatic cont ro l  cen te r .  I n  any event  these  s t u d i e s  
give c l e a r  evidence t h a t  the r e l a t i v e s  o f  ace ty lchol ine  can be s u b s t i t u t e d  f o r  
t h e  e l e c t r i c  s t imulus i n  se l f - s t imu la t ion  t e s t s ,  and t h a t  chemical s e l f - s t imu la -  
t i o n  can be stopped by d i r e c t  app l i ca t ion  o f  t h e  symathomimetic amines. The 
f i n d i n g  i s  :,f p a r t i c u l a r  i n t e r e s t  because ace ty l cho l ine  serves  as t h e  f i n a l  medi- 
a t o r  of pe r iphe ra lpwasympthe t i c  adjustments,  and t h e  sym-pathathDmLntic amines 
serve as f i n a l  mediators of per iphera l  sympathetic respmses. The poss ib l e  con- 
nec t ion  of parasympathetic mechanisms and c e n t r a l  p o s i t i v e  reinforcement mechan- 
i s m s  is  thereby s t e ry the red .  

CNS and se l f - s t imu la t ion  systems has r e c e n t l y  come t:, l i g h t  i n  experiments us ing  
a so luable  t e s t o s t e r m  cmpound. Tes tos te rone-su l fa te  as used by F i she r  (1956) 
t:, provoke se l f - s t imu la t ion  behavior i n  much t h e  same f a s h i m  as t h e  chol inerg ic  
chemicals.  

A similar r e l a t i o n  between a chemical with important e f f e c t s  ou ts ide  the 

Spe cu la t  ions  

Amr:,ach Reactions and Drives 

A l a r g e  system of t h e  b ra in ,  phylogenet ica l ly  der ived from t h e  o l f a c t o r y  
apparatus and poss ib ly  s t i l l  spec ia l i zed  t o  chemoreceptim, apparent ly  func t ions  
primarily t o  mediate conservat ive and a p p e t i t i v e  r e a c t i o n s .  The former w e r e  
revea led  by observat ion of  autonnmic responses produced by e l e c t r i c  s t imu la t ion  
i n  t h e s e  areas, t h e  l a t te r  by observation of t h e  ins t rumenta l  o r  consummatory 
r e s p m s e s  y ie lded  by t h e  same s t imula t ion .  Besides these  e l i c i t e d  e f f e c t s ,  
s t imu la t ion  of  t h e  same areas had, on random behavior ,  t h e  e f f e c t  of a primary- 
reward 3 n  random behavior,  causing avid r e p e t i t i o n  of  those  response sequences 
which were followed s u f f i c i e n t l y  of ten  by the  b r a i n  s t imulus .  
rewarding e f f e c t s  were demmstrated i n  s e l f - s t i m u l a t i o n  experiments.  

* 

These primary 

* 
A conservat ive animal i s  saving h i s  energy and hoarding food or  s t o r i n g  up body 
fa t  3r reproducing t h e  spec ies ;  rest, r e s t i t u t i o n ,  e t c .  
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Experiments i n  vhich b a s i c  hunger o r  sex d r ives  were manipulated during s e l f -  
s t imu la t ion  behavior suggested t h a t  the  system was d i f f e r e n t i a t e d  i n t o  subsystems 
3n t h e  b a s i s  3f the  d i f f e r e n t  b a s i c  d r ives .  
gested t h a t  t h e  chemicals i n  t h e  b l m d  r e l a t e d  t o  a p a r t i c u l a r  bas i c  dr ive  c o n s t i -  
t u t e d  a m a j w  pathway of c m t r d  3ver t h e  co r re l a t ed  reward subsystem. 

Other d a t a  (Anand e t  a l ,  1961) sug- 

Amther  pathway 9f c m t r o l  w a s  demonstrated by negat ive reinforcement exper- 
iments which ind ica ted  t h a t  c e r t a i n  avers ive  s u b s t r a t e s  had an i n h i b i t x y  r e l a t i m  
t o  t h e  a p p e t i t i v e  ones. 
i s m  Df t he  ventromedial hypthalamus t o  t,he "feeding center"  3f t h e  lateral  hyp- 
thalamus, and the  apparent subservience of t h i s  negat ive mechanism t o  t h e  glucose 
l e v e l  (Anand e t  a l . ,  1961) seemed t o  i nd ica t e  t h a t  d r ive  con t ro l  over a p p e t i t i v e  
mechanisms might i t se l f  be mediated v i a  negat ive a reas  which were i n h i b i t o r y  i n  
r e l a t i o n  t 3  t h e  a p p e t i t i v e  system and nega t ive ly  r e in fo rc ing  i n  r e l a t i o n  t o  be-  

The i n h i b i t x y  r e l a t i m  gf t h e  negat ive feeding mechan- 

l-..--< -... 
1 l a . V I . J J .  (see Fig.  J J -  

Figure 5.  P x s i b l e  grganization of t h e  
reinforcement mechanism. Sensory f i b e r s  
3f paleocorkx (1) migh t  rece ive  p ro jec t ions  
from o l f a c t w y ,  gustatory and v i s c e r a l  r e -  
c e p t x s  and pr3,ject i r i h ib i twy  impulses on- 
t o  d r ive  cen te r s  i n  medial hypothalamus. 
Reduction 3f a c t i v i t y  i n  these  d r ive  centers  
(2)  would r e l e a s e  l a t e r a l  going fibers (3) 
and (4)  from i n h i b i t i o n  causing f a c i l i t a t i o n  
i n  the  area of the  o l fac tory  midbrain pa th-  
ways. Pa leocor t i ca l  and extrapyramidal mo- 
t o r  f i b e r s  ( 5 )  o r ig ina t ing  i n  o l f ac to ry  cor-  
t i c a l  systems might be i n t e r d i g i t a t e d  with 
the  l a t e r a l  gging f i b e r s  (3)  and rece ive  a 
f a c i l i t a t o r y  output from those (3)  f i b e r s .  
It i s  poss ib l e  t h a t  these motor systems 
might give d i r e c t i o n  t o  behavior;  if s o  
these  would be the  systems which received 
reinforcement f r g m  the lateral going (3)  
f i b e r s .  S t imula t ion  of  t h e  dr ive  centers  
of  t he  medial hypothalamus (2 )  would y i e l d  
both avers ive  consequences and i n h i b i t o r y  
e f f e c t s  i n  r e l a t i o n  t o  t h e  lateral  going 
systems (3) and (4 ) .  The suggestion t h a t  
some part of th i s  (2)  a r e a  i s  a l s o  a glu-  
cose receptor  shows t h a t  some of t h e  aver -  
s ive  a c t i v i t y  i s  thought t o  c o r r e l a t e  with 
an excess ive ly  s a t i a t e d  r a t h e r  than  an ex- 
cess ive ly  hungry s t a t e  s o  far as t h e  food 
system i s  concerned. It i s  i n t e r e s t i n g ,  
but  not qu i te  anomalous t h a t  some 5f t he  
medial hyp9thalamic aversive responses do 
seem t o  c o r r e l a t e  w i t h  an  excess of s a t i e -  
t y  (H2ebel & Teitelbaum 1962); psychology 
has tended t o  emphasize those aversive m e -  
chanisms assoc ia ted  instead with an excess 
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of hunger. My pr3pxal ind ica t ed  here  ( i n  
i v )  i s  t h a t  t h e  aversive c o r r e l a t e s  3f ex- 
cess  hunger might als:, be found Ln t h e  m e -  
d i a l  hypothalamus i n  s3me as y e t  und i scm-  
ered  cen te r s  and t h a t  t he  cclnsummatxy eat- 
ing  center  3f t h e  l a t e r a l  hypotha lams is  
mainly cmcerned wi t 'n  the p s i t i v e  r e i n -  
f x c e m e n t  involved i n  e a t i n g .  A s  far as 
t h e  auton2mic r e spmses  are cmcerned,  sym- 
p a t h e t i c  a c t i v i t y  might be caused d i r e c t l y  
by a c t i v i t y  i n  t h e  medial d r ive  cen te r s  
( 2 )  and parasympathexic a c t i v i t y  (4) might 
be r e l eased  f r g m  i n h i b i t i o n  when t h i s  d r ive  
center  a c t i v i t y  subsided. I n  operant con- 
d i t i on ing ,  t h e  f a c i l i t a t o r y  r e l a t i o n  ( f )  
would d i r e c t l y  increase t h e  la ter  response 
f requencies  of t h e  previously a c t i v e  motor 
elements (5), and the temporary connections 
(t  ) wmld cause a f u r t h e r  i n d i r e c t  i nc re  - 
ment i n  r e s p m s e  frequency. 

A t h i r d  l i n e  3f con t ro l  w a s  suggested by t h e  f a c t  t h a t  t he  b r a i n  systems 
y i e l d i n g  s e l f - s t i m u l a t i m  were thought t o  be a c t u a l  s u b s t r a t e s  of reward. If 
t h i s  w e r e  t r u e ,  r ecep to r s  i n  t h e  v iscera  and per iphery  normally r ecep t ive  t o  
primary-reward s t i m u l i  would i n  me  way o r  another  send p r3 jec t ions  t o  t hese  
areas. 

I n  any event, it w a s  c l e a r  t h a t  s t imu la t ion  of t h e  same lateral area had 
t w 9  normally d i s soc ia t ed  e f f e c t s .  On t h e  one hand it had t h e  e f f e c t s  of t h e  
primary d r ive  i t se l f ,  causing emission of d r ive - re l a t ed  ins t rumenta l  and con- 
summatvy responses when s u i t a b l e  oppor tuni t ies  w e r e  o f f e red .  On the o ther  
hand it had t h e  e f f e c t  O f  t h e  primary-reward r e l a t e d  t o  t h a t  d r ive ,  causing 
r e p e t i t i o n  D f  t h e  preceding behavior when it vas used t o  r e in fo rce  operant 
responding. Therefore,  t h e  p g s s i b i l i t y  t h a t  t h e  e l e c t r i c  s t imulus c o n s t i t u t e s  
a simple i n t e r n a l  surr3,gate f o r  e i t h e r  w a s  un l ike ly .  It seemed qu i t e  poss ib l e  
t h a t  t h e  neura l  e x c i t a t i o n  a t t r i b u t a b l e  t o  primary d r ive  and t h a t  a t t r i b u t a b l e  
t o  primary reward were both prg jec ted  t o  t h e  same area with sub t l e  d i f f e rences  
i n  f u n c t i m ,  and t h a t  t he  e l e c t r i c  st imulus,  being something of a bludgeon, 
had t h e  e f f e c t  o f  both a t  t h e  same t i m e .  

One was tempted t o  specula te  t h a t  d r ive  wmld o r d i n a r i l y  lower t h e  th re sh -  
3 lds  of ins t rumenta l  and consummatory responses  r e l a t e d  t o  t h e  area but  cause 
a c t u a l  discharge only i n  autonomic e f f e r e n t s .  Primary rewarding s t i m u l i ,  f i n d -  
i n g  the th re sho lds  lowered, wmld then cause discharges i n  t h e  e f f e r e n t s  which 
c o n t r d l e d  consummatwy responses and by t h i s  same a c t i o n  cause some neura l  
s u b s t r a t e  gf  t h e  preceding instrumental  response t o  become r e l a t e d  t o  t h i s  
p a r t i c u l a r  d r ive  -reward f ocus . 

These r e l a t i o n s  are schematized I n  F ig .  5.  Drive i n  t h i s  diagram i n -  
f luences  the  system when low glucose l e v e l s  cause a dec l ine  i n  t h e  a c t i v i t y  
3f t h e  i n h i b i t o r y  glucose r ecep to r .  By suspending i n h i b i t i m ,  t h i s  causes 
immediate discharge i n  autonomic e f f e c t o r s  and lowered th re sho lds  i n  t h e  o ther  
neu rmes  of t h e  lateral system. Olfactory o r  v i s c e r a l  a f f e r e n t s  then  cause 
discharge i n  t h e  o ther  neu rmes ,  thereby causing consummatory responses  and 
somehow t y i n g  t h e  preceding s k e l e t a l  respmse i n t o  t h i s  d r ive  system. A s  
f o r  the pathway of con t ro l  of o l fac tory  o r  v i s c e r a l  a f f e r e n t s ,  t h e  guess por-  
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t r ayed  i n  F ig .  5; i s  that  they  f i x t h e r  i n h i b i t  t h e  medial i r ih ib i tory  system, 
the reby  y i e ld ing  spontaneous a c t i v i t y  even i n  t h e  less a c t i v e  c e l l s  of t h e  
lateral system. 

Mechanisms o f  Reward 

The b a s i c  q u e s t i m  posed by these f ind ings  and specula t ions  is  t h i s :  what 
does it mean f o r  t h e  s u b s t r a t e  o f  some ins t rumenta l  response t o  become r e l a t e d  
t o  a p a r t i c u l a r  dr ive-reyard f x u s ?  h e  can m l y  specula te .  Fi-caiii t h e  expe r i -  
mental  a n a l y s i s  2f behavior ,  some aspec ts  of t h e  meaning may be guessed, namely, 
(1) t h a t  t h e  th re sho ld  i s  genera l ly  lowered by t h e  r e l a t i o n s h i p  s o  t h e  response 
might be more f requent  i n  the  fu tu re ,  and (2) t h a t  i ts  threshold  is  a l s o  brought 
i n t o  some r e l a t i o n  w i t h  the cor re la ted  d r ive  s o  t h a t  t h e  a c t i v e  d r ive  may cause 
even f u r t h e r  iowering of i t s  t h r e s h d d .  Poss ib ly  a l s o ,  a t h i r d  consequence i s  
involved, (3) t h a t  t he  neura l  subs t r a t e  of t h e  behavior r ep resen t s  a new pa th-  
way of con t ro l  over t h e  focus i n  quest ion s o  t h a t  s t i m u l i  tending t o  arouse t h e  
behaviora l  substrate w i l l  a l s o  have some tendency t o  arouse the d r ive  i n  the 
future ( c f .  Olds, 1959a). 

For  f u r t h e r  h i n t s  about t h e  mechanism, w e  may t u r n  our a t t e n t i o n  b r i e f l y  
t o  the na ture  of t h e  neuroanat2mical s u b s t r a t e  D f  t h e  drive-reward focus.  W e  
can never be su re  which o f  t he  s t r u c t u r e s  near  an e l ec t rode  t i p  is  y i e l d i n g  
a p a r t i c u l a r  e f f e c t .  However, if a l a r g e  number D f  b r a i n  po in t s  are t e s t e d ,  
and those  y i e l d i n g  an  effect fo l low a pa t t e rned  course through t h e  b r a i n ,  it 
becomes a matter of ever - increas ing  l i ke l ihood  t h a t  any anatomical s t r u c t u r e  
fo l lowing  a s i m i l a r  course i s  importantly r e l a t e d  t o  t h a t  e f f e c t .  On t h e  
b a s i s  of such reasoning,  it may be guessed that t h e  main s u b s t r a t e  of reward 
i s  a set of i n t e r s t i t i a l  elements which forms a system i n  the  olfactory-mid- 
b r a i n  and o l f a c t o r y - c o r t i c a l  a r e a s .  Increased a c t i v i t y  i n  t h e s e  elements 
appears t o  be t h e  f i n a l  mediator of t h e  r e i n f o r c i n g  e f f e c t .  An increment of 
e x c i t a t i o n  o f  t hese  elements following c l o s e l y  af ter  a randomly emit ted oper- 
a n t  response may cause the  later r e p e t i t i o n  of t h e  operant.  On t h e  b a s i s  of 
evidence from pa tho log ica l  t i s s u e  , Papez (1958) specula ted  t h a t  t hese  elements 
were granule  c e l l s  a c t i n g  as chemDeffect9rs, t h a t  i s ,  neurosecre tors ,  which 
might a c c m p l i s h  t h e i r  r e in fo rc ing  e f f e c t  by f a c i l i t a t i n g  e x c i t a t i o n  i n  t h e i r  
longer-axoned neighbors,  o r  i n  passing f i b e r s  whose c e l l  bodies  might be a t  
some d i s t ance .  

From t h e  s e l f - i n j e c t i o n  experiments it might be guessed t h a t  t h e s e  i n -  
t e r s t i t i a l  elements do not have e x c i t a t o r y  a f f e r e n t s  b u t  i n s t ead  have h igh  
spontaneous a c t i v i t y  rates control led on t h e  one hand by l o c a l  i o n i c  balances 
and on t h e  o ther  by t h e  i n h i b i t o r y  input from negat ive areas. If t h i s  w e r e  
s o ,  t h e  consequences of e l e c t r i c  s t i rnulat ion at  p o s i t i v e  and negat ive r e i n -  
f o r c i n g  cen te r s  would be explained.  For i n s o f a r  as increments i n  a c t i v i t y  of 
t hese  elements caused p o s i t i v e  reinforcement i n  ongoing behavior ,  it is c l e a r  
t h a t  s t imu la t ion  of t hese  ce l l s  d i r e c t l y  would y i e l d  p o s i t i v e  reinforcement 
a t  t h e  onset  of t h e  s t imulus,  while s t imula t ion  o f  t h e  i n h i b i t o r y  a f f e r e n t s  
wmld y i e l d  similar reinforcement u p o a  t e r m i n a t i m  of t h e  s t imulus .  

If t h e  i n t e r s t i t i a l  elements of t h e  medial f o r e b r a i n  bundle were spon- 
taneous ly  a c t i v e  and con t ro l l ed  by i n h i b i t i o n  only, and if they  formed a sub- 
strate of reward, t h e  i n t e r e s t i n g  p o s s i b i l i t y  would arise t h a t  primary re-  
wards might have t h e i r  e f f e c t  on t h e  system by a process  of double i n h i b i -  
t i o n  (see F ig .  6 ) .  They might be pro jec ted  t o  t h e  p o s i t i v e l y  r e i n f o r c i n g  ol- 

48 



1? 



Figure 6. 
re la t im l i n k i n g  o l f a c t 2 r y - c w t i c a l  r e i n -  
fwcement  cen te r s  t c ,  a f x u s  of r e i n f o r c e -  
ment. i = i n h i b i t x y  .sy_n_apse = 

A p m s i b l e  double i n h i b i t o r y  

f a c t x y - c w t l c a l  areas such as t‘ne en to rh ina l  area, which, from t h e  work of 
Ad,ey (1958) and Fonberg and Iklgado (1961), might be thought t o  i n h i b i t  t h e  
i n h i b i t o r s  of t h e  i n t e r s t i t i a l  elements. Cer ta in ly ,  c l e a r  evidence of such a 
pathway exis ts  : 
moderate reinforcement,  as with a reward s t imulus from t h e  environment (Brady, 
1961); ( 2 )  s t imu la t ion  o f  t h e  en torh ina l  area a l s o  caused i n h i b i t i o n  of u n i t  
respmses i n  the dorsomedial midbrain (Adey, 1958); (3) s t imu la t ion  of t h e  
dwsomedial  midbrain caused negative reinforcement (Olds and Pe re t z ,  1960);  
and (4) s t imu la t ion  9f t h i s  same midbrain area caused i n h i b i t i o n  of t h e  la t -  
eral hypothalamic se l f - s t imu la t ion  response (Olds and Olds, 1962). 

(1) e l e c t r i c a l  s t imula t ion  of t h e  e n t o r h i n a l  area caused 

Summary 

I n  summarizing such material as t h i s ,  it does no harm t o  make a c l e a r  
s epa ra t ion  between the e s t a b l i s h e d  f a c t s  and t h e  tempting specula t ions .  
specula t ions  have been presented;  the f a c t s  are l i s t e d  below, grouped accord- 
i ng  t o  the  major parts of  t h i s  review. 

The 

1. E l e c t r i c a l  s t imu la t ion  i n  a very  broad set of b r a i n  areas y ie lded  
e f f e c t s  on behavior tantamount t o  t h o s e  of primary reward. The areas i n -  
volved were l a r g e l y  i n  t h e  hypothalamus and t h e  rhinencephalon. 

2.  With t h e  cu r ren t  c o r r e c t l y  ad jus ted  and t h e  e l e c t r o d e s  c o r r e c t l y  
p laced ,  it w a s  poss ib l e  t o  generate  more motive fo rce  with t h i s  type of r e -  
w a r d  than  with any o ther  reward used i n  animal experimentat ion.  With t h e  
cu r ren t  s e t  lower, 31  t h e  e l e c t m d e s  p laced  d i f f e r e n t l y ,  far milder  e f f e c t s  
w e r e  achieved, e f f e c t s  comparable i n  every way with conventional rewards. 
With e l ec t rodes  implanted i n  t h e  o l f ac to ry -co r t i ca l  areas, s a t i a t i o n  occurred 
s o  t h a t  animals s e l f - s t imu la t ed  da i ly  f o r  c e r t a i n ,  bu t  no t  i n d e f i n i t e ,  per- 
i o d s  of  time. With some hypothalamic e l ec t rode  placements, t h e r e  w a s  no 
s a t i a t i o n  s o  t h a t  animals se l f - s t imula ted  t o  t h e  p g i n t  of exhaust ion.  

3. With e l ec t rodes  i n  some places ,  t h e  tendency t o  se l f - s t imu la t e  w a s  
a monotonic func t ion  of t h e  e l e c t r i c  cu r ren t  l e v e l :  i n  these cases ,  t h e  
tendency t o  approach became more and more augmented as t h e  cu r ren t  w a s  r a i sed ;  
tes ts  w e r e  made with t h e  cu r ren t  a t  more than  20 t i m e s  t h e  th re sho ld  s e t t i n g s .  
With e l ec t rodes  i n  o ther  p l aces ,  the  se l f - s t imu la t ion  rate rose  with e a r l y  
cu r ren t  i nc reases  and dec l ined  with later inc reases .  

4. The se l f - s t imu la t ion  phenomenon w a s  r e g u l a r l y  provoked by s t imula-  
t i o n  of approximately t h e  same a reas  as those  prev ious ly  implicated i n  s t u d i e s  
of va r ious  b a s i c  d r i v e s .  Se l f - s t imula t ion  v i a  d i f f e r e n t l y  p laced  e l ec t rodes  
w a s  s e n s i t i v e  t o  manipulation of d i f f e r e n t  b a s i c  d r ives :  fur thermore,  t hese  
s e l f - s t i m u l a t i o n  e l ec t rodes  o f t en  yielded t h e  c o r r e l a t e d  consummatory responses 
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. i f  t h e  s t imulus was de l ivered  by t h e  experimenter and t h e  r e s p m s e  gppxtui i i  ty  
e x i s t e d .  Cmversely,  e l e c t r x l e s  y i e ld ing  consummatory responses o f t en  yielded 
self - s t imula t ion .  

5. B e s i d e s  t h e  areas where stirnulaticin y ie lded  p o s i t i v e l y  rewarding e f -  
f e c t s ,  t h e r e  were cJther areas i n  t h e  b r a i n  where s t imu la t ion  y ie lded  pegat ive ly  
r e i n f z r c i n g  primary-pvni s h i n g  e f f e c t s :  and t h e r e  w a s  a t h i r d  and perhaps most 
nlxnerms set  cJf placements where s t i rnulat ion seemed t o  y i e l d  both  e f f e c t s  
about equa l ly .  MFB po in t s  i n  the  o l f ac to ry -co r t i ca l  and olfact3ry-midbrain 
areas w e r e  e s p e c i a l l y  a p t  t o  y i e l d  pure p o s i t i v e  reinforcement;  do r sa l  t h a -  
lamic and midbrain po in t s  w e r e  e spec ia l ly  a p t  t o  y i e l d  pure negat ive r e in fo rce -  
ment; and p o i n t s  i n  middle hypothalamus r e g u l a r l y  y ie lded  both  e f f e c t s .  

There was i n t e r a c t i o n  between sgme nega t ive ly  r e i n f o r c i n g  areas and some 
p o s i t i v e l y  r e in fo rc ing  areas i n  olfactory-midbrain pathways such t h a t  stimula- 
t i o n  of t h e  negat ive area was an tagon i s t i c  t o  t h e  s e l f - s t i m u l a t i o n  behavior 
produced by s t imu la t ion  i n  the  pos i t i ve  area, bu t  s t imu la t ion  of t he  same pos i -  
t i v e  area was s y n e r g i s t i c  t o  the escape behavior  produced by s t imu la t ion  i n  
t h e  negat ive area. 
areas countered t h e  escape behavior produced by s t imu la t ion  i n  t h e  negat ive 
area. 

I n  o ther  cases  s t imula t ion  of o l f a c t o r y - c o r t i c a l  p o s i t i v e  

6 .  Lesions i n  several c o r t i c a l  po r t ions  of t h e  posi t ive-reinforcement  
system d id  not  prevent  s e l f - s t imu la t ion  v i a  midbrain e l e c t r o d e s .  Spreading 
depression i n  t h e  neocortex of t he  r a t ,  on t h e  o ther  hand, caused ces sa t ion  
of a l l  self - s t imula t ion  and of t h e  operant component of nega t ive ly  r e in fo rced  
behavior ,  while ref lex escape behavior survived.  The same spreading depression 
caused v a s t  augmentation i n  u n i t  f i r i n g  a t  t h e  midbrain escape p o i n t  and vast 
depression of u n i t  f i r i n g  at  t h e  l a t e r a l  hypothalamic s e l f - s t i m u l a t i o n  p o i n t .  

Electroencephalographic s t u d i e s  showed t h a t  s e l f - s t i m u l a t i o n  i n  t h e  
c o r t i c a l  part of t h e  medial fo reb ra in  bundle was o f t en  accompanied by after- 
d ischarges  i n  t h e  septal  a r e a  and the hypothalamus. It w a s  no t  c l e a r  whether 
s i m i l a r  a f t e r -d i scha rges  occurred with o ther  s e l f - s t i m u l a t i o n  e l ec t rodes ,  nor 
w a s  it c l e a r  whether t hey  were a c t u a l l y  involved i n  the  r e i n f o r c i n g  process .  

With hippocampal s e l f  -s t imulat ion,  s e i z u r e s  evoked by t h e  self  -st imula- 
t i o n  e l ec t rode  appeared s y n e r g i s t i c  t o  t h e  p o s i t i v e  r e i n f o r c i n g  process .  With 
amygdaloid se l f - s t imu la t ion ,  se izures  evoked by t h e  s e l f - s t i m u l a t i o n  e l e c -  
t rode  appeared a n t a g o n i s t i c  t o  t h e  pos i t i ve  r e in fo rc ing  process .  It seemed 
c l e a r  t h a t  s e i zu res  were i n  no way p re requ i s i t e  t 3  se l f - s t imu la t ion .  

Microelectrode s t u d i e s  ind ica ted  t h a t  o l f a c t o r y - c o r t i c a l  s ing le -un i t  
r e s p x s e s ,  which w e r e  used experimentally t o  t r i g g e r  rewarding hypothalamic 
s t imu la t ion ,  3 f ten  became v a s t l y  augmented i n  spontaneous discharge rate. No 
s i m i l a r  modi f ica t ion  i n  t h e  r a t e  of t h e  t r i g g e r i n g  u n i t  was produced when 
n e o c o r t i c a l  u n i t s  were used t o  t r i g g e r  t h e  same s t imulus .  

Autonomic responses w e r e  r egu la r ly  evoked by s t imu la t ion  of t h e  areas 
involved i n  se l f - s t imu la t ion ,  bu t  it w a s  no t  d e f i n i t e  that these  w e r e  p r imar i ly  
parasympathetic,  as was o r i g i n a l l y  thought.  

7. The s e l f - s t i m u l a t i o n  animal w a s  s u f f i c i e n t l y  alert  during per iods  of 
s t imu la t ion  t o  d i scr imina te  between two d i f f e r e n t  t ones .  However, uncontingent 
a p p l i c a t i o n  of t h e  e l e c t r i c a l  st imulus during t h e  l e a r n i n g  o f  a d iscr imina t ion  
prciblem caused d r a s t i c  impairment. S imi la r  uncontingent a p p l i c a t i o n  of a s t i -  
mulus caused t h e  dominant m a l e  Df a monkey colony t o  loose  i t s  p o s i t i o n .  



8. Tranqu i l i ze r s  of t h e  phenothiazene group r e g u l a r l y  abol ished self - 
s t i r n o l a t i m  b e h a v i x  and t h e  vsburitary c m p m e n t  of escape behavlx, permi t t ing  
r e f l e x  escape behavior t o  continue. 
a d i r e c t  o r  mediated a c t i o n  of t h e  drugs on hypothalamic threshcdds.  
b i t u r a t e s  and meprobamate d i d  n3t have similar e f f e c t s .  Act iva tors  of the 
arrphetamine grou? appeared t o  have t h e  qpposite e f f e c t ,  augmenting se l f - s t i -  
mulat ion by lowering hypothalamic thresholds .  

These e f f e c t s  appeared t o  be achieved by 
B a r -  

Prel iminary tests u t i l i z i n g  intravenous o r  i n t r a p e r i t o n e a l  a p p l i c a t i o n  
of s y n e r g i s t s  and an tagon i s t s  of ace ty lchol ine  and norepinephrine suggested 
t h a t  t h e  se l f - s t imu la t ion  system might be p o s i t i v e l y  s e n s i t i v e  t o  norepine- 
phr ine  and negat ive ly  s e n s i t i v e  t o  ace ty lchol ine .  

Micro in jec t ion  s t u d i e s  showed j u s t  t h e  opposi te  set of r e l a t i o n s h i p s .  
Acety lchol ine- l ike  compounds and compounds which caused a loss of l o c a l  i o n i c  
calcium and t ec tos t e rone  s u l f a t e  aroused the reinforcement mechanism when 
app l i ed  d i r e c t l y  i n  t h e  olfactory-midbrain pathways. These drugs could sub- 
s t i tu te  f o r  e l e c t r i c i t y  i n  se l f - s t imu la t ion  tes t s .  Such chemical s t imu la t ion  
w a s  counteracted by add i t ion  of epinephrine,  norepinephrine,  o r  se ro tonin  t o  
t h e  chemical s t imu la to r  s o l u t i o n s .  
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